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PREFACE   TO   THE   FIRST  EDITION. 


The  Scientific  and  general  Engineering  literature  at  the  present 
time  is  of  a  very  extensive  and,  varied  character ^  hut  however 
valuable  it  may  be  to  those  who  make  it  a  study,  the  ordinary 
reader  will  naturally  find  such  volumes  unintelligible  and  uninter- 
esting. It  has,  therefore,  occurred  to  the  Author — who  has  had 
thirty-five  years*  experience  in  various  branches  of  the  profession — 
thai  a  brief  outline  of  its  history ;  a  description  of  the  inner  life 
of  the  Works  and  those  connected  with  them;  the  system  of 
management  in  great  establishments;  and  the  construction  of  ships 
and  engines,  might  prove  interesting  and  instructive  to  readers  of 
all  classes,  if  treated  in  a  free  and  unconventional  style. 

In  furtherance  of  this  object,  the  language  employed  in  this 
Work  has  been  made  as  simple  and  as  free  from  technicalities  as 
possible,  while  a  few  of  the  experiences  of  private  practice,  a  variety 
of  useful  information,  and  a  sprinkling  of  anecdotes  have  been 
added,  for  the  purpose  of  giving  a  little  animation  to  the  whole. 

While  endeavouring  to  impart  in  a  pleasant  way  as  much 
professional  knowledge  as  possible,  the  writer  has  specially  dedicated 
Chapter  VI  to  those  numerous  people  who  "  wish  to  know  what  to 
do  with  their  boys,''  It  is  also  hoped  that  Chapters  XXIV, 
XXV  and  XXVI,  will' be  instructive  to  those  who  desire  a  glimpse 
of  the  secrets  of  private  practice. 


•1 


58581 


▼i  PREFACE. 

The  intention  has  been  to  try  to  interest  everyone,  but  the 
difficulty  of  doing  this  is  so  apparent,  that  the  kind  consideration 
of  the  generous  reader  may  perhaps  be  more  easily  extended  to  one 
who  has  done  his  best,  though  conscious  of  numerous  failings. 

Many  thanks  are  due  to  the  authors  of  various  books,  papers, 
and  perodicals,  who  have  supplied  information  regarding  the  early 
history  of  Railways,  Canals,  and  Steam  Navigation;  to  Mr.  B, 
H.  Thwaite,  C.E.,  for  revising  the  MS.;  and  to  the  firms  who 
have  sent  photographs,  &k.,  from  which  the  Engineering  Views 
have  been  taken.  Reference  will  also  be  made  to  many  other  sources 
of  knowledge  on  similar  subjects  which  in  the  following  pages 
have  only  bun  briefly  touched  upon.  It  is  hoped,  therefore,  thai 
this  volume  may  not  only  afford  instruction,  but  prove  sufficiently 
interesting  to  repay  perusal. 

J.  W.  C.  H. 

Liverpool,  Afay,  1887. 


PREFACE  TO  THE  SECOND  EDITION. 


The  highly  appreciative  manner  in  which  the  first  edition  of 
this  Work  was  received  by  the  press  and  by  the  public,  has  induced 
the  Author  to  make  many  improvements  and  important  additions, 
but  without  altering  in  any  way  the  style  of  writing  which  has 
made  the  book  so  popular.  The  text  has  been  carefully  revised  * 
throughout,  and  so  much  fresh  information  given  concerning  the 
latest  phases  of  Engineering,  that  it  is  hoped  the  volume  will  become 
even  more  acceptable  than  its  predecessor. 

J.  W.  C.  H. 

30  North  John  Street, 

Liverpool,  September,  1889. 


r 


CONTENTS. 


CHAPTER    I. 

STBAM    NAVIGATION — CANALS    AND    RAILWAYS. 

PAGE 

First  steamer  to  India — Defects  in  Macbinezy — Junius  Smith  and 
'•British  Queen "  — First  voyage  of  "Sinus"  and  '* Great 
Western  " — ^The  Pioneer  Cunarder  "  Britannia  " — Bridgewater 
Canal — Liverpool  and  Manchester  Railway — Railway  Mania — 
Difficulties  of  Railway  Engineers  —  Q.C.  of  the  period  — 
Woosnng  Railway — ^Japanese  Students  in  England    i 

CHAPTER    II. 

GENERAL    ENGINEERING. 

Fairbaim  and  Hodgkinson's  experiments— Brittania  Bridge — Fair- 
bairn's  Canal  Street  Works — Begins  Shipbuilding  at  Millwall — 
Heavy  Losses — Character  of  Sir  William  Fairbaim — Whit- 
worth's  machinery — Diffinent  kinds  of  Marine  Engines — P.S.N. 
Company  and  the  Compound  Engine — History  of  a  **  New  and 
Improved'*  Design — Lucrative  Inventions — Value  of  good 
Machinery— What  it  did  at  the  North  London  Railway  Works- 
Richard  Roberts 12 

CHAPTER    III. 

DUMBARTON    AND    THE    CLYDE. 

My  apprenticeship  in  Demiy's  1852 — Great  prosperity  in  the  various 
Works— Engineer  Workmen  —  Strikes  in  the  Shipyards — 
William  Denny  hands  over  a  large  contract  to  Caird  &  Co. — 
Later  Strikes  among  Coal  and  Iron  people  —  Belgian  Iron 
Trade— How  Strikes  begin — Generalship  of  the  Masters — The 
'*  Delegate  " — Unhappy  Workmen — Dumbarton  at  this  period- 
Disastrous  Storm— Death  of  William  Denny — Engineer  Fore- 
men—S.S.  ••Yorkshircman"— The  Penalty— The  Wreck— A 
good  Speculation • 28 


viu  CONTENTS. 

PAGE 

CHAPTER    IV. 

GLASGOW  AND  OCEAN  STEAM  SHIPS. 

Dumbarton  as  it  is  now — Neilson  &  Co.,  Glasgow — Tod  &  McGregor — 
S.S.  "  Bengal "  for  P.  and  O.  Company — ^First  Sunday  Steamer 
on  the  Clyde— River  Steamers  "  Columba  "  and  <*Lord  of  the 
Isles  '*— Great  Works  on  the  Clyde— Cunard  Atlantic  Ships  in 
1850— Mediterranean  Liners,  1852— P.S.  "  Persia  **— Robert 
Napier  &  Sons — Compact  between  Cunard,  Bums  and  Mclyer.      41 


CHAPTER    V. 

THE    BIRKENHEAD    IRONWORKS. 

Difference  between  Marine  and  Locomotive  establishments — Descrip- 
tion of  the  Birkenhead  Iron  Works— The  Firm— The  Staff- 
Pupils  in  Drawing  Office— Billy  Taylor's  '*  Unlucky '»  Dinner— 
FaUl  Tea  Party  in  Chester— Troublesome  French  Pupil— Chief 
Engineeerof  H.M.S.  *' Captain" — Foremen  and  Workmen  in 
the  Birkenhead  Iron  Works— Value  of  *'old  hands"— Fore- 
men in  Small  Works— The  "General  Utility**  Engineer— 
H.M.S.  "  Euphrates  *' 55 

CHAPTER    VI. 

APPRENTICES. 

Different  kinds  of  Apprentices — How  they  get  into  Works — Premi- 
nmed  Pupils  in  England — ^The  Clyde  System — Origin  of  Premium 
Sjrstem — Maudsla/s  objections  to  Pupils — James  Nasmyth  in 
early  days — His  troublesome  Youths  at  Patricroft — The  use  of 
Idle  Apprentices —  " Marine  Works »'—" General  Works"— 
"  Special  Works  ** — Cause  of  false  steps  in  entering  the  pro- 
fession— Laves  of  the  great  Engineers — History  of  Harland  and 
Wolff— Workshop  Practice,  past  and  present — Prospects  of 
Engineers  at  home  and  abroad — **  Repairing  Works  ** — ^Tools 
and  Instruments  for  Pattern-Shop  and  Drawing  Office — Work- 
ing Dress  71 

CHAPTER    VII. 

CIVIL    ENGINEERING. 

Meaning  of  the  term  *<  Civil  Engineer '*  — The  Great  Pyramid  — 
Ancient  Suez  Canal — Hero  of  Alexandria — Archimedes — Their 
Mechanical    genius — Euclid — A   Dream  of  Antiquity — Great 


CONTENTS.  ix 

PAGB 

Tmmels — Railway  Ferry  Boats — Bridge  Engineering  at  home 
and  abroad — Drainage  and  Reclamation  of  Land — Gigantic 
Pomptng  Operations — Origin  of  the  Goodwin  Sands — Freaks 
of  Rivers  in  India  and  China — Gradual  Elevation  by  Silting 
process — Vast  Inundations  and  change  of  Bed — The  Hoang 
Ho  etc — Scouring  and  Deepening  process  in  Rivers,  etc. — 
Ordnanc*  Survey  of  United  Kingdom 93 


CHAPTER    VIII. 

PRACTICE    OF    BNGINBERING. 

Prelinunaries  of  Contract  for  Merchant  Ships— For  Ships  of  War — 
Conference  between  Shipowner,  Builder  and  Engineer — Descrip- 
tion of  proposed  Ships  and  Engines — The  Estimate — Contract 
settled — ^Drawing  Office — How  Working  Plans  are  prepared — 
Good  and  Bad  Engineering — Chief  Draughtsman — Results  of 
inteiferenoe  by  unqualified  people — Style  and  system  in  modem 
working  drawings — ^Also  in  olden  times — Swell  Draughtsman 
from  Ifaudslay's? — Heliographic  Process — "John  Russell's 
Saikv  " — "  Urgent "  Plans  of  Machinery  for  Ironclads 1 16 


CHAPTER    IX. 

DRAWING    OFFICE    CALCULATIONS. 

Faulty  Design  and  Construction  of  early  Engines — ^Value  of  Hand 
Sketches — Accuracy  in  Working  Drawings — Two  distinct 
systems  of  Calculation — Simple  practical  rules  in  general  use — 
Method  of  recording  leading  dimensions  of  Machinery — "  Allow- 
ances" made  by  Engineers — ^The  graphic  system  of  Calcula- 
tion— Complicated  Rules — How  to  construct  safe  Empirical 
Formulae  —  Rational  Science  Considerations — Drawing  Office 
Practice— Value  of  Tabulated  Proportions — Economy  in  Design 
and  Manufocture-* Office  **  Tables  " — Sudden  changes  in  Engi- 
neering Practice — Costly  results  of  Injudicious  **  Improyements  '* 
in  Machinery 1 34 


CHAPTER    X. 

ENGINES    IN   PROGRESS — THE   SCREW   PROPELLER. 

Triple  Expansion  and  other  Engines  in  the  Works — Ship  Drawings — 
Steel  Boilers — History  of  Steel  and  Iron  Crank  Shafts — Detec- 


C0NTEN7S, 

tion  of  Errors  in  Drawings — Arrangement  of  Machinery  in  Ship 
Plans — First  Appearance  of  Mr.  Macdonald»  the  Superintending 
Engineer — Peculiarities  of  the  Screw  Propeller — "Positive" 
and  "  Negative  **  Slip — Influence  of  a  Ship's  Lines  upon  the 
action  of  a  Screw — Modem  Propellers — Cause  of  Destruction 
by  Irregular  Corrosion — The  Remedy — Screw  of  Cunard  S.S. 
'*  Etruria " — Mr.  Maodonald's  ideas  of  Screw  Propulsion — 
Condemns  the  Manager's  Calculations — Fortunate  Discovery — 
Unnecessary  alteration  of  Plans 151 


CHAPTER    XL 

ORIGIN  OF  MARINE  ENGINEERING— STEAM   POWER  ON  CANALS. 

Duties  of  Superintending  Engineer — Repairing  damaged  Engines — 
Marine  Propulsion  among  the  Ancients — Blasco  de  Garay's 
"Trinidad,"  1543 — ^Miller's  First  Experiment  on  Dalswinton 
Loch,  1788— Canal  Steamer  "Charlotte  Dundas,'*  1801  — 
Scheme  abandoned  —  Houston's  Experiments  on  Canal  Boat, 
1830— Expected  Railway  Opposition — Fairbaim*s  Iron  Steam- 
boat "Lord  Dundas"— Trial  on  the  Irwell  —  Strange  Dis- 
coveries— Perilous  Voyage  to  the  Clyde — Compass  Deviation 
and  Correction — Success  at  low  speed  on  Canals — Steam  on 
Ship  Canals — Belgian  Cable  System 176 


CHAPTER    XII. 

BAD    WORKMANSHIP. 

Troubles  of  the  Engineer-in-Chief — Ambiguous  Specifications  — 
Contrary  readings  of  the  documents — Responsibilities  of  "The 
Engineer  ** — Reckless  Competition — "  Lowest  Tender  " — Cause 
of  variation  in  Estimates — "  Cheap"  Machinery  unprofitable — 
Splendid  Wearing  qualities  of  high-class  Machinery  —  The 
"  Ro8alind*s  "  Engines— Oflfice  work  fiir  advanced — ^Mr.  Mac- 
donald*s  Improvements 193 


CHAPTER    XIII. 

SYSTEM  OF   DESIGN  AND   CONSTRUCTION  IN  MARINE  ENGINES. 

Method  of  proportioning  Engine  Power  to  required  Speed  of  Ships — 
Experiments  with  Steamers  at  various  speeds  to  ascertain  the 
actual   Powers — Leading  Dimensions  and  Calculations  of  the 


CONTENTS.  xi 

PAGB 

"  Rosalind's  "  Eagines  and  Boileis — Rules  for  detennining  size 
of  Triple  Crank  Shafts»  etc.  —  Arrangement  of  Drawings  and 
Tracings  in  Office — Mr.  Macdonald's  Sea-going  experiences — 
Boaid  of  Trade  Examinations  —  Great  activity  in  Erecting 
Shop  —  £>escription  of  "  Rosalind's  Engines  as  they  now 
appear — Leading  principles  in  Machinery  Construction — Lifting 
Gear  and  Tackle — Engine  Foandations — Shrinking  on  the 
'*  Connang^t's  *'  Cranks — Modem  System  of  finishing  Crank 
Shafts — Serions  Galvanic  action  in  a  Propeller  Sliaft    204 


CHAPTER    XIV. 

BOILER    YARD,    AND    BOILERS    IN    CONSTRUCTION. 

Difficulties  in  Boiler  Design  and  Construction — ^Stmctural,  Mechanical, 
and  Chemical  Difficalties — Peculiarities  of  Steel  Boilers — Board 
of  Trade  Supervision — Increase  of  Steam  Pressure,  1850  to 
1889  —  Racing  with  unlimited  Pressure  —  Awful  Disaster — 
'*  Rosalind's"  and  other  boilers  in  progress-* Hydraulic  Test- 
ing— Fatal  Explosion  in  a  Locomotive  Work — Boiler  Coverings 
and  economy  of  Heat — Fairbaim's  Experiments  and  Improve- 
ments— Materials  and  mode  of  Manufacture  226 

CHAPTER    XV. 

THE    BUILDING    YARD — SHIPS    ANCIENT    AND    MODERN. 


•• 


Rosalind"  and  other  ships  in  progress — Precautions  for  giving 
Safety  at  Sea— Watertight  Bulkheads— New  and  old  style  of 
Bow — Boats  of  the  Phoenicians— Origin  of  Masts  and  Sails — 
Galleys  of  Greece  and  Rome — Modem  Ships — "  Lightning  " — 
**  Marco  Polo  "— «  Champion  of  the  Seas,"  and  others— England 
to  Australia  in  iSoS,  1850,  and  1889 — Fastest  long  voyage 
Steamers  afloat — ^New  Inman  Liners  of  10,500  tons — Swiftest 
River  Steamer,  and  Torpedo  Boats — American  Steamers  — 
Changes  in  Naval  Ships  and  Engines — Ironclads  of  19,500 
hofM-power 237 


CHAPTER    XVI. 

FINISHING    THE    ENGINES    IN    THE    WORKS. 

Modem  Types  of  Engines — Cycle  of  operations  in  working  Triple 
Expansion  Machinery  —  Errors  detected  by  the  "Turning 
Gear*' — Finishing   touches,  past   and   present— Painting  of 


jdi  CONTENTS. 

PAGB 

Machinery — ^The  Engines  taken  down — Boilers  completed — All 
ready  for  the  Launch  of  Ship  —  Distinguishing  Marks  of 
Ships — "House  Flags** — ^Funnels — ^Names — Preparations  tor 
Launching — The  Chairman's  Daughter — Visitors  and  Officials — 
Launch  Failures  251 


CHAPTER    XVII. 

LAUNCHING   A   SHIP. 

How  it  is  done — Launches  of  H.M.S.  "Black  Prince**  and  S.S. 
"  City  of  Rome  ** — Method  of  undocking  a  great  Ironclad — 
Captain  Henderson — The  Captain  in  charge  of  a  Launch — 
Launch  of  the  *' Rosalind*' — Newspaper  comments — Ship  in 
Dock — Machinery  on  board  ready  for  Trial  —  Starting  the 
Engines 267 

CHAPTER    XVIII. 

SHIP    AND    ENGINES     COMPLETED. 

Vessel  in  the  River — David  Kirkaldy — Ferry  passengers'  remarks — 
General  Survey  of  the  Ship^Boiler  Room  and  Appliances — 
Engine  Room  and  Fittings — "  Larboard  **  and  "  Port  ** — Pump- 
ing Machinery — ^Watertight  Compartments — S.S.  *' Arizona'* 
in  Collison  with  an  Iceberg — The  Tunnel  and  contents  — 
Materials  used  in  Engines — View  from  Starting  Platform — 
Dififerent  kinds  of  Engines — How  controlled  from  Deck — Com- 
plicated modern  Machinery — Economy  in  Working  and  Main- 
tenance— *' Crisp  word  of  Command**     278 


CHAPTER    XIX. 

ship's     APPLIANCES — ^TRIAL    TRIP. 

Steering  Gear  in  small  and  large  ships— Control  of  ship  from  bridge — 
Tlie  "Quartermaster**  —  Clyde  and  Thames  boats  —  Steam 
winches — Steam  windlass — View  of  ship  from  bow — Official 
Trial  Trip — Duties  of  Stafif  in  Engine  and  Boiler  rooms — Scene 
in  Grand  Saloon — "Running  the  Mile'* — "Indicated  Horse 
Power  "—Successful  Trial— Unsatisfactory  Trial  Trips— Flag 
Signalling  in  the  Navy  and  Merchant  Service — Cunard  and  other 
Atlantic  Captains  and  officers — Sea-going  Engineers — Descrip- 
tion of  the  "  Rosalind  **  just  before  sailing — Her  departure  on 
First  Voyage— Farewells    294 


CONTENTS,  xiii 

PAGE 

CHAPTER    XX. 

"  BREAKDOWNS,"  AND    MYSTERIOUS    LOSSES   AT   SEA. 


of  the  Tenn — ^Their  Causes — Experience  gained  by  them— 
Great  Safety  of  Railway  travelling — Protective  System  in  Cunard 
Shipsr— S.S. "  Atlas  "  on  Fire— Drill  in  Mail  Steamers— Original 
Advertisement  of  *•  President "  and  **  British  Queen  " — New 
Captain  of  "  President  " — Departure  on  Last  Voyage — ^The 
Storm  —  Arrival  ol  "British  Queen"— The  Missing  Ship  — 
Theories  concerning  the  Lost  Ship — Disappearances  of  S.S. 
«•  City  of  Glasgow  "— "  Pacific  "— "  City  of  Boston  " 316 

CHAPTER    XXI. 

LOSS      OF     WEST     INDIA     MAIL     STEAMER     "  AMAZON  " — 
ENGINEERING    SMASHES    ON    LAND. 

Farewell  to  Southampton— First  Night  at  Sea—*  *  Heated  Bearings  "— 
Alarm  among  the  Passengers — "No  Danger  of  Fire?" — Strong 
Gale— Neilson*s  vigilance— The  Little  Worid  asleep— All's 
well — FireX  FutE  1 1— Wild  excitement— Swift  destruction- 
Awful  scenes — Ungovernable  Engines — ^A  Flying  Inferno — The 
End — Spontaneous  Conflagrations — Cause  of  Safety  in  Travel- 
ling— Death  of  a  Railway  Engineer — Promotion  by  Influence — 
The  New  *' Chief"  and  his  "Improvement*' — The  smash  on 
the  Line — National  disaster  through  bad  Engineering — Stage 
Coaches  and  Sailing  Packets  reinstated    329 

CHAPTER    XXII. 

STORY    OF    A    DISASTROUS    TRIAL    TRIP. 

Visit  from  a  Shipowner—"  Ship  for  Sale  "—Engaged  for  Trial  Trip- 
Handsome  fee — Off  to  Gravesend — Locomotives  and  Railway 
Travelling  past  and  present — Mr.  Coventry,  the  Agent — First 
view  of  S.S.  "Orinoco" — Description  of  an  Engineer's 
"  Report " — Beauty  of  Ship— Disappointment — ^The  Captain — 
A  Coffin  Ship — ^Mystery  about  the  Machinery — Vile  Workman- 
ship— Chief  Engineer — Preparations  for  Starting — Something 
wrong  in  the  Tunnel   348 

CHAPTER    XXIII. 

END    OF    THE    FATAL    TRIAL    TRIP. 

Ship  off  at  Last — ^Slow  speed  of  Engines — Mr.  Coventry's  promise — 
Increased  Velocity — Bad  working  Engines — Suspicions  aroused — 


xiv  CONTENTS. 

Study  of  Characters  in  the  play  —  High  speed,  and  effect  on 
hull — Heated  bearings  in  Tunnel— The  Remedy— Painful  dis- 
coveries in  Engine  room— Terror-stricken  ••  Chief  "—Dreadful 
Smash,  and  Boiler  Explosion  —  Loss  of  the  "  Orinoco "  — 
Reflections  upon  the  event — Pmctical  Lessons   363 


CHAPTER    XXIV. 

HOW    I    COMMENCED    PRIVATE    PRACTICE. 

Birkenhead  Iron  Works  in  1867  —  Dull  times  —  Idle  Engineers  in 
London — Crisis  in  1872 — Retirement  from  the  Works — First 
movements  in  a  new  direction — ^Advice  of  friends — Serious 
obstacles — The  Generous  C.E. —  Success  at  Last  —  Cause  of 
difficulties  in  Private  Practice  —  Hints  to  those  intending  to 
enter  upon  it — Index  Books  and  Engineering  Literature 373 

CHAPTER    XXV. 

HOW    "  COMPETITIONS  "    ARE    CONDUCTED. 

Architectural  and  Engineering  Schemes — Eatanswill  Bridge  Competi- 
tion— ^Town  Councillors'  Invitation  to  Engineers — The  Opening 
Day — Arrival  of  Plans — Character  of  the  Town  Councillors — 
S.  J.  Drayne,  the  Borough  Surveyor  —  Alfred  Sketchly,  the 
Draughtsman — How  he  spent  his  Apprenticeship — Private  Note 
Books  —  Discussing  the  Plans  —  Mr.  Drayne*s  Advice  —  The 
Draughtsman's  Logic — Results — Present  System  of  Competi- 
tions— Skill  and  Labour  required  in  preparing  Designs  and 
Estimates — Improved  System — "  Iron  Pier  Competition  "  ....     386 

CHAPTER    XXVL 
clients:    an  iron  work  speculation. 

Varieties  of  Clients  in  Private  Practice — Mr.  O'Brien's  character — His 
Law  Case — Wrongful  Dismissal  from  the  Works — ^An  enthusi- 
astic **  Invintor  " — Duties  of  a  Scientific  Witness — Inspection 
of  the  Works — "New  and  Improved"  Patent  Machinery — 
Collecting  information — The  Bones  of  one  of  O'Brien's  Pets — 
Three  Lines  of  Argument  in  a  Report — High  Court  of  Justice, 
London — Opening  the  Case — O'Brien  in  the  Witness-box — 
An  Opposing  Q.C. — Scientific  Witnesses,  past  and  present — 
Professional  and  non- Professional  Clients— Two  more  Designers 
and  their  Works — Hints  to  Inventors 4^0 


CONTENTS.  XV 

PA6B 

CHAPTER    XXVIL 

VOYAGE    FROM    SYDNEY    TO    LONDON    IN     1845. 

Eaiij  Days  in  Australia— Engineering  of  the  period — Arrival  of 
H.M.S.  *<  Vestal,"  1844— Departure  from  Sydney— At  Sea- 
Moon  Poisoning  Story  from  S.S.  "Magellan"  —  Marvellous 
Transmission  of  Sound — Ocean  Depths — Soundings,  past  and 
present — ^Two  vast  Depressions — Motive  Power  in  Volcanoes — 
Arrival  in  London— *<  Life  "  in  the  '*  Orient  *'  and  *'  P.  and  O." 
liners,  1889   414 

CHAPTER    XXVIIL 

BNGINEERING    OP    THE    PAST    AND    PRESENT. 

James  Watt  and  his  followers — What  Engineering  has  done  in  the 
Past — Efifects  produced  by  simple  Improvements — Application 
of  different  kinds  of  Motive  Power  —  Hydraulic  Power  on  a 
vast  scale — Great  Compressed  Air  Schemes — Hydro-Pneumatic 
System  of  Sewerage  and  Drainage— Atmospheric  Gas  Engines — 
Electric  Motors  for  Launches,  &c.— Cunard  S.S.  '*Umbria'* 
and  '*  Etmria**— The  "  One  Man  *'  system— Charles  Maclver— 
Engineering  in  the  Newcastle  District — ^Allusions  to  Messrs. 
Denny  and  Messrs.  Laird  —  The  *' Practical  Man"  in  fuicy 
and  in  reality    42S 

CHAPTER    XXIX. 

TRIPLE    EXPANSION     MACHINERY. 

Shipowners'  idea  of  Marine  Engines — Results  of  "Tripling"  two 
long  voyage  Steamers — Cause  of  Economy  in  Triple  Engines — 
Table  of  mean  Pressures  at  different  rates  of  Expansion — Table 
of  Powers  produced  by  variously  Expanded  Steam — Ratios  of 
Expansion  in  Compound  and  Triple  Engines — Long  Voyage 
Experiments — Space  required  for  Engines  —  Reduction  of 
Weight— Newest  style  of  Triple  Engines— Wear  and  Tear- 
Management  at  Sea — Steamship  performances  —  Trial  of  S.S. 
*' Meteor'* — Indicator  Cards  and  Coal  Consumption — Liquid 
Fuel  in  Steamers — ^Yarrow's  Vaporised  Spirit  Engines 442 

CHAPTER    XXX. 

QUADRUPLE  AND  NEW  COMPOUND  ENGINES. 

Important  Improvements — Chemistry  the  Destroyer — Boiler  Room 
Difficulties — Tubular  and  Tnbulous  Boilers — Strange  disaster  to 


xvi  CONTENTS. 

PACK 

a  new  Boiler — Simple  Apparatus  for  purifying  Water — ^Water 
Tube  Boilers  and  their  failures — The  latest  type  of  Tubnlous 
Boiler — Opinions  of  Experts — ^Table  of  Horse  Powers  per  ton 
of  weight — Peculiarities  of  the  Forced  Draught  System — Latest 
types  of  Quadruple  Engines — Turner's  new  two  cylinder  Com- 
poimd  Engines — Their  performances  compared  with  Triples — 
Loss  of  a  Ship  through  broken  Shaft — Extended  use  of  Man- 
ganese bronze  Propellers— Willis*  protected  Propellers — Steam- 

of  the  future — Conclusion 462 


iNDkx 481 

Reviews  of  First  Edition    491 


1 


LIST    OF    PLATES, 


PAGB 


Frontispibcb — Gensral  View  of  Palmer's  Iron 
AND  Steel  Manufacturing,  Shipbuilding, 
AND  Engineering  Establishment  at  Jarrow, 
from  a  Photograph. 

P.S.  "Comet"  on  the  Clyde,  in  1812     46 

Interior  of  Pattern  Shop  at  the  Neptune  Works      91 

Interior  of  New  Erecting  Shop  at  the  Marine 
Works  of  Wigham  Richardson  &  Co., 
Newcastle-on-Tyne,  from  a  Photograph        ...     219 

Interior  of  Heavy  Turnery  at  Clark's  Marine 

Works,  Sunderland,  from  a  Photograph     ...     256 

Interior  op  the  Mersey  Forge,  Liverpool,  from 

a  Photograph,         ...         ...         ...         ...         ,.•     286 

West  India  Mail  P.S.  "Amazon"  Signalling  ...    334 

Interior     of     Forging     Department     at     the 

Neptune  Works 385 

Electric  Engine  for  Pumping,  Winding,  &c.  ...    435 

CuNARD  S.S.  "  Umbria"  ON   THE  Mersey,  from  a 

Photograph  by  F.  Frith  &»  Co.,  Rcigate 436 

Triple  Expansion  Engines  of  S.S.  "Missouri" 

from  a  Photograph .,.         ...         ...         ...         ...     453 

Electric  Engine  for  Launches,   &c 459 

Quadruple  Engines  of  S.S.  ** Singapore"  from  a 

Photograph  ...         ...  ...         ...         ...     473 


CHAPTER    I. 

STEAM    NAVIGATION — CANALS    AND    RAILWAYS. 

First  steamer  to  India — Defects  in  Machinery — Junins  Smith  and  '*  British 
Queen"— First  voyage  of  "Sirius"  and  "Great  Western  "—The 
pioneer  Conarder  ''Britannia" — Bridgewater  Canal — Liverpool  and 
Manchester  Railway — Railway  Mania — Difficulties  of  Railway 
Engineers  —  Q.C.  of  the  period  —  Woosung  Railway  —  Japanese 
Students  in  England. 

The  history  and  the  practice  of  Engineering  are  so  varied 
and  comprehensive,  that  it  will  be  rather  difficult  to  com- 
press them  into  a  very  small  space,  nevertheless,  their 
leading  events  may  be  touched  upon,  and  their  principal 
features  referred  to,  in  the  following  pages.  People 
generally  seem  to  have  a  pretty  fair  knowledge  of  the 
legal  and  medical  professions — some  of  the  unamiable 
may  say,  **  a  great  deal  too  much " — but  they  also 
possess,  so  far  as  can  be  learned,  somewhat  limited  ideas 
concerning  the  education  and  inner  life  of  the  engineer, 
and  for  reasons  which  will  afterwards  be  explained. 

It  is,  indeed,  surprising,  that  while  the  Arts  and 
Sciences  flourished  in  ancient  Greece  and  Rome,  and 
works  in  earth,  and  brick,  and  stone,  attained  colossal 
dimensions,  the  mechanical  branch  of  engineering  was 
asleep  through  all  those  ages,  and  only  wakened  up  at  the 
beginning  of  this  century  with  a  giant's  power,  transform- 
ing our  modes  of  travel  and  manufacture,  and  revolution- 
ising the   world   in   fifty  years.     It  may  be  mentioned. 
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however,  that  mechanism  of  a  minute  and  philosophical 
description  had  been  developed  in  a  variety  of  ways  during 
previous  centuries,  but  was  chiefly  employed  in  the  con- 
struction of  wonderful  clocks,  such  as  those  in  Strasburg 
Cathedral  and  elsewhere,  toys  of  various  kinds,  and  other 
useless,  though,  no  doubt,  ornamental  curiosities.  All  of 
which  led  to  the  great  future,  when  the  wheels,  and 
pinions,  and  shafts,  then  employed,  would  be  reproduced 
on  a  vast  scale  in  mill  gearing,  and  in  the  innumerable 
details  of  powerful  steam  engines  and  constructive 
machinery. 

Leaving  out  of  sight  for  the  present  the  primitive 
efiforts  of  Mr.  Miller  of  Dalswinton,  to  introduce  miniature 
steam  navigation  in  the  year  1788,  and  passing  over  the 
advent  of  the  "  Comet'*  on  the  Clyde,  in  1812,  and  also 
the  coasters  which  subsequently  arose,  we  come  down  to 
1825,  when  a  bold  efifort  was  made  to  steam  to  India. 
The  merchants  in  Calcutta  had  ofifered  a  premium  of  a 
lac  of  rupees  for  the  first  voyage  out  and  home,  averag- 
ing seventy  days  each  way,  and  this  at  last  resulted  in 
the  fitting  out  of  the  paddle-steamer  '*  Enterprise/' 
of  470  tons,  and  with  engines  of  120  horse-power,  by 
Maudslay. 

She  sailed  when  completed,  but  with  so  many  vital 
defects  in  her  machinery  and  arrangement  that  the  wonder 
is  she  ever  arrived.  For  example,  unprotected  cylinders, 
and  an  equally  naked  boiler,  created  such  intense  heat  that 
the  men  could  not  work  below  in  safety.  Her  entire  cargo 
consisted  of  coals  and  stores  for  an  expected  run  of  thirty- 
five  days  to  the  Cape,  and  in  consequence  of  a  quantity 
of  coals  in  bags  having  been  stowed  on  the  top  of  the 
boiler  to  gain  extra  space,  the  ship  caught  fire.  The 
average  speed  on  the  voyage  was  five  knots  an  hour,  and 
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the  time  occupied  amounted  to  one  hundred  and  fourteen 
days,  forty  of  which  were  under  sail,  and  eleven  at 
anchor.  In  every  respect  the  undertaking  was  a  com- 
plete failure.  It,  however,  exposed  defects  which  the 
engineers  were  quick  to  rectify,  and  her  commander, 
Lieutenant  Johnstone,  R.N.,  received  ;^io,ooo  for  his 
arduous  services. 

In  1832,  an  American  Doctor  of  Laws,  named  Junius 
Smith,  was  fifty-foiu:  days  in  crossing  by  a  sailing  ship 
from  London  to  New  York,  and  thirty-two  on  the  return 
voyage  to  Plymouth,  which  was  quite  too  much  for  him. 
He,  therefore,  carefully  considered  the  subject,  and  at 
last  became  convinced  that  *'  any  ordinary  sea-going  sieanur 
cculd  do  th$  distance  in  fifteen  days  with  ease.'*  He  then 
energetically  set  about  organising  a  company  in  London 
for  the  purpose  of  building  Atlantic  steamers,  but,  like 
the  railway  people  before  him,  was  considered  by  many 
a  semi-lunatic.  Persevering,  however,  in  spite  of  all 
opposition,  particularly  from  the  sailing-ship  proprietors, 
and  supporting  his  opinions  by  many  calculations  based 
upon  facts,  he  succeeded  in  forming  a  company  with  a 
capital  of  ;^ioo,ooo,  which  enabled  him  eventually  to 
build  the  '*  British  Queen  *'  of  2,400  tons ! 

The  failure  of  the  contractors  caused  a  serious  delay, 
but  she  was  at  last  completed,  and  left  London  on  her 
first  voyage  in  July,  1839,  arriving  in  New  York  fourteen- 
and-a-half  days  afterwards.  In  the  meantime,  Dr.  Smith's 
firm  had  chartered  the  "  Sirius,"  of  700  tons,  for  a  vo3rage 
out  and  home,  and  started  her  from  Cork  on  April  4th, 
1838,  while  another  company  had  specially  built  the 
"Great  Western,*'  of  1,340  tons,  which  sailed  from 
Bristol  on  the  8th,  their  respective  runs  being  eighteen 
and  fifteen  days. 
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Both  vessels  arrived  in  New  York  the  same  day,  and 
were  received  with  salvoes  of  artillery,  and  the  joyous 
acclamations  of  vast  multitudes  on  land  and  water.  Their 
captains  and  officers  were  almost  deified,  and  the  people 
ran  wild  with  excitement  over  the  great  and  long  wished- 
for  event.  Captain  Hoskin  took  charge  of  the  *'  Great 
Western,"  and  Lieutenant  Roberts,  R.N. — subsequently 
lost  in  the  "President"  —  commanded  the  "  Sirius."  A 
passenger  in  the  former  contributed  a  very  interesting 
description  of  the  voyage,  and  their  reception  in  New 
York,  to  Chambers's  journal  of  the  period. 

The  **  British  Queen's  "  owners  now  proceeded  with 
the  building  of  the  "  Britannia,"  which  was  put  on  the 
station  in  1840,  to  carry  the  mails  between  Liverpool 
and  Boston,  &c.  The  first  voyage  occupied  fourteen  days 
eight  hours,  and  those  in  the  ship  received  a  perfect  ova- 
tion from  the  inhabitants  on  their  arrival,  and  it  is  said 
that  Mr.  Cunard,  who  crossed  in  her,  had  eighteen 
hundred  invitations  to  dinner  sent  to  him  within  twenty- 
four  hours  afterwards. 

Charles  Dickens  crossed  in  the  '*  Britannia,"  and  one 
of  the  most  interesting  chapters  in  his  American  Notes,  is 
occupied  with  an  account  of  the  voyage.  A  notable 
event  in  the  history  of  this  pioneer  Cunarder  was  the 
cutting  of  a  channel,  100  feet  wide  and  10  miles  long, 
through  the  ice  which  filled  Boston  harbour  in  1844,  to 
enable  her  to  sail  at  the  specified  time,  thus  disappointing 
the  hopes  of  the  jealous  New  Yorkers,  who  said  **  Boston 
was  an  icebound  port  in  winter."  The  contract  price  for 
the  work  was  10,000  dollars,  but  it  cost  20,000 ;  numerous 
tugs,  however,  kept  the  ice  in  future  from  consolidating, 
and  thus  prevented  a  recurrence  of  the  difficulty.  This 
new  era  in  civilisation,  successfully  inaugurated  by  Dr. 
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Smith,  was  the  forerunner  of  an  immense  traffic,  and  of 
a  wonderful  rapidity  of  communication  between  the  two 
continents,  which  has  been  swiftly  developed  down  to  the 
present  time. 

The  original  name  of  the  "  Britannia's  *'  firm  was  now 
slightly  altered  to  the  "  British  and  North  American  Royal 
Mail  Steam  Packet  Company,*'  but  as  this  grand  and 
impressive  title  was  too  ponderous  for  daily  use,  it 
was  changed  to  the  *'  Cunard  Line,"  whose  long-sustained 
fame  is  before  the  world,  and  needs  no  further  comment. 

CANALS  AND   RAILWAYS. 

Simultaneous  improvements  were  now  made  on  land, 
some  of  which,  canals,  for  example,  were  of  much  earlier 
date  than  the  introduction  of  steam  navigation.  In  1760, 
the  roads  around  and  between  Manchester  and  Liverpool 
were  so  wretched  as  to  be  often  impassable,  and  the  trade 
of  Manchester,  small  as  it  was,  found  its  way  on  pack 
horses  to  the  Severn,  down  which  it  was  floated  to  Bris- 
tol. The  Duke  of  Bridgewater,  who  at  this  time  ardently 
studied  engineering  under  Brindley,  proposed  connecting 
the  two  towns  by  means  of  a  canal,  and  soon  afterwards 
began  its  construction.  Want  of  capital,  however,  for 
carrying  on  the  work  compelled  him  to  sell  off  nearly  all 
he  possessed ;  he  borrowed  small  sums  from  his  tenants, 
and,  as  a  last  resource,  mortgaged  the  Worsley  Canal — 
his  first  scheme— to  a  London  firm,  who  gave  him  suffi- 
cient money  to  enable  him  to  complete  the  undertaking 
to  Runcorn. 

It  must  be  borne  in  mind  that  all  previous  English 
attempts  in  canal  engineering  had  simply  been  to  widen 
out  existing  ditches  and  small  streams,  whereas  those 
just  mentioned  were  cut  through  solid  ground,  involving 
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careful  surveys  and  difficult  and  costly  works,  such  as 
bridges,  viaducts,  &c.  Now  that  Manchester  had  a 
direct  outlet  to  the  sea,  its  trade  went  up  with  a  bound, 
and  Lancashire  manufactiurers  flourished. 

The  Bridgewater  Canal  ultimately  brought  in  a 
revenue  of  about  ;^ioo,ooo  a  year  to  its  proprietors,  who 
became  very  exacting  in  many  ways.  It  was  frequently 
blocked  by  an  excess  of  traffic,  and  in  winter  often  frozen 
up,  so  that  goods  sometimes  occupied  as  much  time  in 
transit  as  they  did  in  coming  by  sailing  ship  from  New 
York.  To  try  to  remedy  therefore  this  unendurable  evil, 
the  Liverpool  merchants  held  a  meeting,  with  Mr.  Joseph 
Sanders  as  president,  and  the  result  of  their  discussion 
was  that  George  Stephenson  should  be  applied  to  for 
advice  on  the  subject.  Having  gained  useful  experience 
on  the  Stockton  and  Darlington,  and  previous  colliery 
lines,  he  immediately  proposed  a  railway.  The  county  of 
Lancaster  was  in  arms  against  such  an  idea ;  the  landed 
proprietors,  the  little  villages  and  towns,  and  all  the 
country  houses  too,  declared  that  they  would  not  have 
their  territory  desecrated  by  such  an  innovation,  which 
was  sure  to  bring  with  it  many  serious  evils.  The 
unkindest  cut,  however,  came  from  the  canal  people,  who 
waged  a  war  of  extermination  against  aU  railways. 

The  surveyors  had  a  rough  time  of  it,  and  by  the 
merest  chance  the  bill  before  Parliament  was  passed. 
The  line  was  accordingly  commenced,  and  thus  began 
the  Liverpool  and  Manchester  Railway,  which,  with 
Stephenson  as  engineer-in-chief,  was  successfully  opened 
with  great  ^lat  on  September  15th,  1830,  and  through  the 
fabulous  prosperity  which  almost  at  once  attended  it,  set 
every  one  on  fire  for  other  similar  schemes.  Hudson,  the 
*'  Railway  King,'*  was   deified    because    he  had    made 
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;^ioo,ooo  in  one  day,  and  helped  others  to  be  **  success- 
ful ;  '*  but  he  led  many  to  ruin,  and  when  he  fell,  it  was 
like  Lucifer.  A  few  kind  friends  saved  him  from  absolute 
penury,  and  he  often  said  afterwards  that  his  happiest 
days  were  when  he  sold  linen  behind  his  counter  in  the 
city  of  York. 

Some  idea  of  the  extent  of  the  speculative  mania, 
which  existed  at  this  time,  may  be  gathered  from  the  fact 
that  from  1823  to  1844  the  total  cost  of  completed  lines 
had  been  ^70,68 1,000;  those  in  progress  in  the  latter 
year  were  estimated  at  ;f 67,360,000 ;  but  in  the  same 
year,  there  were  fourteen  hundred  and  twenty-eight  pro- 
jected railways,  with  an  estimated  capital  of  ;^7oi, 243,000, 
many  of  which  were  only  gigantic  frauds.  In  the  amus- 
ingly satirical  <*  History  of  the  Glenmutchkin  Railway," 
in  Blackwood^  the  rise,  progress,  and  end  of  one  of  these 
ethereal  schemes  is  fully  described. 

At  this  period,  lawyers  and  engineers  quickly  made 
large  fortunes;  the  former  received  immense  fees,  not  only 
for  their  professional  labours,  but  also  for  doing  nothing ; 
or,  at  least,  for  withholding  their  services  from  others 
who  wished  them.  The  engineers  had  a  regal  time  of  it ; 
but  they  were  worked  like  slaves,  and,  in  many  cases, 
were  not  in  bed  for  a  week  at  a  time,  in  their  anxiety  to 
finish  the  Parliamentary  plans  for  a  new  line  by  a  certain 
day,  or  they  would  not  have  been  received. 

Holding,  as  they  did,  the  key  of  the  position,  they 
were  bullied  unmercifully  when  in  the  witness  box  by 
opposing  counsel,  under,  over,  and  through  every  possible 
and  impossible  phase  of  the  question,  and  required  not 
only  to  be  masters  of  their  art,  but  masters  of  strategy 
as  well,  to  enable  them  to  carry  their  point.  They  had  to 
know  how  to  advance  their  crushing  statements  imder 
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fire  from  the  enemy's  batteries,  and  when  to  retire  behind 
their  defences.  If  the  scientific  witness  were  too  closely 
pressed,  he  had  one  safe  retreat  at  all  times,  into  which 
none  could  follow  him ;  he  would  retire  into  a  thicket  of 
algebra,  from  which  he  could  shoot  forth  a  furious  volley 
of  arguments  relating  to  sines  and  co-sines,  tangents  and 
CO- tangents,  optical  squares  and  chord  angles,  zenith 
distances,  equatorial  axes,  the  curvature  of  the  surface  of 
a  spherical  triangle  in  relation  to  the  ellipticity  of  the 
earth,  and  so  on,  until  his  persecutors  were  glad  enough 
to  let  him  alone. 

What  magnificent  opportunities,  too,  the  Q.  C.  of  the 
period  had  for  the  display  of  forensic  genius !  Under  his 
eloquence  one  would  have  imagined  that  raising  embank- 
ments, crossing  rivers,  and  penetrating  mountains,  was 
quite  an  elegant  recreation.  '*  The  talent  of  the  engineer 
would  easily  overcome  every  obstacle ;  in  short,"  he  con- 
tinued, "  there  never  was  a  line  so  advantageous  in  every 
respect,  nor  one  which  would  prove  so  remunerative  to 
the  shareholders."  The  opposing  counsel,  however,  did 
not  quite  entertain  the  same  views.  He,  too,  could  give 
a  brilliant  oration,  but  concluded  his  remarks  by  observ- 
ing that  "  he  had  the  greatest  confidence  in  the  ability  of 
his  learned  friend,  who  had  spoken  so  truly  on  many 
points,  but  opinions  differ,  and  he  had  every  reason  to 
believe,  from  what  their  engineer  had  informed  them,  that 
although  the  tunnels,  bridges,  and  embankments,  could, 
no  doubt,  be  successfully  executed,  it  would  be  at  such  an 
enormous  cost,  as  to  entail  a  heavy  loss,  if  not  ruin,  on  all 
concerned  in  the  undertaking ;  therefore  he,  for  one, 
would  not  sanction  the  scheme."  In  this  manner,  rail- 
ways, in  early  days,  were  lost  or  won. 

They  are  now  spread  nearly  all  over  the  world,  and 
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have,  at  last,  made  a  good   beginning  in   China,  where 
there  is  unlimited  scope  for  extension. 

In  1875,  Messrs.  Jardine,  Matheson  &  Co.  conceived 
the  idea  of  constructing  a  small  railway  from  Shanghai  to 
Woosung,  9  miles.  It  was  only  a  tentative  scheme, — 
just  to  see,  in  fact,  how  the  Celestials  would  take  to  it. 
The  *•  Woosung  Road  Company  "  was  therefore  formed, 
and  the  line  commenced,  Ransomes  and  Rapier,  of 
Ipswich,  supplying  the  locomotives  and  other  requisite 
machinery.  When  the  line  was  opened  in  1876,  the 
people  were  enthusiastic — many  thousands  of  visitors  per 
day  coming  to  see  it  work.  There  were,  moreover,  none 
of  the  dreaded  '*  disturbances  of  the  spirits  of  the  air  and 
earth," — everything  went  well, — the  adjoining  land  went 
up  in  value,  and  a  magnificent  future  seemed  to  be  in 
store  for  all.  Unfortunately,  however,  the  dispute,  which 
at  this  period  arose  between  the  British  and  the  Chinese 
Governments,  in  reference  to  the  murder  of  Mr.  Margary, 
gave  the  authorities  an  opportunity  of  alleging  a  griev- 
ance in  the  matter  of  the  railway ;  and,  although 
evezything  was  done  that  could  be  done  by  the  more 
enlightened  officials  to  retain  the  line,  the  whole  of  the 
obnoxious  plant  and  machinery  were  dismantled  and 
shipped  to  Formosa,  where  they  lay  for  years  rotting  and 
rusting  in  the  mud. 

Thus  ended  a  professionally  successful,  but  diploma- 
tically unfortunate  scheme,  which  was  expected  to  have 
been  the  beginning  of  the  Railway  System  in  a  vast 
empire  possessing  only  the  most  primitive  means  of 
transport. 

They  manage  these  things  better  in  Japan,  where 
engineering  has  not  only  been  warmly  received,  but  is 
making  astonishing  progress  in  all  branches.     They  have 
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an  Engineering  College  at  Tokio,  under  English  profes- 
sors, and,  in  railway  matters,  are  making  rapid  advance- 
ment. Those  who  come  here  to  learn  are  most  indus- 
trious, and,  as  a  people,  they  are  very  intelligent,  as  the 
following  example  out  of  many  will  show.  It  is  said  that 
on  one  occasion  a  new  steamer  had  gone  out  for  a  trial, 
but,  on  her  return,  the  Japanese  engineer,  somehow  or 
other,  forgot,  at  a  critical  moment,  his  <*  formula  for 
stopping  the  engines."  No  time  was  to  be  lost,  so  he  at 
once  drew  his  fires,  put  the  helm  hard  over,  and  gave  the 
ship  a  little  practice  in  circle  sailing,  until  the  steam  was 
used  up;  he  then  anchored.  Very  many  students  have 
come  to  this  country,  and  in  numerous  instances  com- 
peted most  successfully  with  their  British  associates,  and, 
only  recently,  two  of  them  carried  o£f  first  prizes  in 
Sir  William  Thompson's  class  at  the  Glasgow  Univer- 
sity. 

There  are  many  amusing  as  well  as  ghastly  stories  told 
in  connection  with  our  own  railways — ^the  following  may 
lie  between  the  two  extremes.  There  used  to  be  on  the 
North  British  line,  a  driver  who  was  profanely  called 
**  Hell-fire  Tom."  The  name  originated  in  this  manner. 
Coming  along  the  main  line  one  day  on  his  unattached 
locomotive,  he  discovered,  when  too  late,  that  a  bridge 
had  fallen  in.  There  was  not  a  moment  to  lose,  and  he 
couldn't  stop,  so  putting  on  full  steam,  he  came  down  at 
a  fearful  speed,  and  with  one  supreme  effort  made  in  the 
engine  leap  the  chasm  in  safety  ! 

On  another  occasion — which  I  well  remember — a  cow 
strayed  into  forbidden  territory,  and  would  not  move  ofif 
in  time  to  clear  the  express  which  was  approaching. 
Down  came  the  engine — bang  went  the  '*coOt"  as 
Stephenson  himself  had  predicted— and  in  a*  twinkling  the 
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whole  of  the  machinery  was  interlaced  with  the  flesh  and 
bones  of  the  annihilated  animal.  In  America,  bufialoes 
often  get  on  the  road  in  the  same  manner,  but  the  **  cow- 
catcher *'  pushes  them  off  and  thus  prevents  the  possi- 
bility of  accident. 

The  ghastly  stories  are  very  numerous,  but  refer 
chiefly  to  early  days.  In  this  respect,  however,  England 
and  America  are  far  ahead  of  any  other  nation.  The 
most  appalling  disasters  that  have  happened  in  this 
country,  were  the  fall  of  the  Tay  Bridge,  and  consequent 
destruction  of  a  passenger  train  which  was  running  over 
it  at  the  time,  and  the  burning  of  the  Irish  Mail  at 
Abergele,  in  Wales. 

Many  similar  calamities  of  a  modified  description 
have  occurred  in  the  United  States,  but  were  it  not  for 
the  ''spark  arrester,"  which  adorns  the  chimneys  of 
American  locomotives,  cities  and  towns,  villages  and 
hamlets,  forests  and  prairies,  would  all  be  exposed — as 
they  formerly  were — to  wide  spread  destruction  through 
the  sparks  thrown  out  by  the  wood  fires  of  Transatlantic 
engines.     Now,  however,  such  evils  are  almost  unknown. 
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CHAPTER  II. 

GENERAL      ENGINEERING. 

Fairbaira  and  Hodgkinson*s  experiments — Britannia  Bridge — Fairbaxrn's 
Canal  Street  Works — Begins  Shipbuilding  at  Mill  wall — Heavy 
Losses — Character  of  Sir  William  Fairbairn — Whitworth's  Machin- 
ery— Different  kinds  of  Marine  Engines — P.S.N.  Company  and  the 
Compound  Engine — History  of  a  "  New  and  Improved  *'  Designs- 
Lucrative  Inventions — Value  of  Good  Machinery — What  it  did  at 
the  North  London  Railway  Works — Richard  Roberts. 

During  the  time  that  railways  and  steam  vessels  were 
being  established,  engineering  in  other  branches  was 
springing  into  vigorous  life.  Penn,  Maudslay,  Napier, 
and  others,  were  rapidly  simplifying,  skilfully  proportion- 
ing and  generally  improving  the  construction  and  arrange- 
ment of  engines  and  boilers.  Mill-gearing,  another  most 
important  branch,  received  all  attention  from  Fairbairn, 
who  greatly  benefited  the  mill  proprietors  by  introducing 
his  improved  shafting,  engines,  water-wheels,  &c.,  to  their 
works.  He  also  developed  the  best  proportions  and 
designs  for  iron  bridges  of  every  description.  In  con- 
junction, too,  with  Professor  Hodgkinson,  of  Manchester, 
he  entered  upon  a  most  elaborate  and  careful  series  of 
experiments  and  calculations  relating  to  the  strength  of 
columns,  girders,  trussed  beams,  &c.,  which  were  of  the 
highest  value  to  the  profession. 

On  such  points  little  was  known  at  this  time,  theo- 
retically or  practically,  it  was  all  guesswork,  which 
resulted,  naturally  enough,  in  very  serious  disasters. 
Another  subject   of  very  careful   investigation    was  the 
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art  of  **  Construction/'  which  every  engineer  knows  is  all- 
important,  neutralising  as  it  does,  when  defective,  the 
most  accurate  calculations  and  plans. 

The  wonder  of  that  day  was  the  Britannia  Bridge 
over  the  Menai  Straits,  but  neither  Fairbairn  nor  Robert 
Stephenson  would  venture  to  construct  it  until  a  com- 
plete series  of  experiments  on  a  grand  and  costly  scale 
had  been  made,  to  verify  their  calculations  and  confirm 
the  accuracy  of  their  designs.  In  this  branch  of  En- 
gineering, variations  in  size  range  from  the  colossal 
"  Forth  '*  down  to  the  smallest  foot-bridge.  In  style  also, 
there  is  extreme  diversity,  and,  in  most  cases,  separate 
computations  and  sets  of  drawings  have  to  be  made,  to 
suit  the  ever-changing  conditions  of  general  practice. 

The  late  Sir  William  Fairbairn  carried  on  for  fifty 
years  an  increasing  and  most  lucrative  business,'  and  his 
Canal  Street  Works,  in  Manchester,  were  considered  one 
of  the  finest  establishments  in  this  country  for  general 
engineering.  He  also  started,  in  1835,  a  large  ship- 
building and  marine  establishment  at  Millwall,  where  he 
built  upwards  of  one  hundred  vessels  during  the  thirteen 
years  the  works  were  in  operation,  the  largest  orders  for 
which  came  from  the  Admiralty  and  East  India  Com- 
pany. Partly  owing  to  the  distance,  however,  between 
the  two  places,  his  frequent  and  prolonged  visits  to  the 
Continent,  and  other  causes  combined,  Millwall  caused 
him  a  loss  of  ;f  100,000  in  twelve  years,  which  he  fortu- 
nately covered  by  his  profits  in  Manchester. 

This  was  a  time  of  great  anxiety,  and  notwithstanding 
his  immense  energy,  perseverance,  and  buoyancy  of 
spirit,  he  had  fits  of  melancholy,  during  which  he  fancied 
he  saw  every  possible  aud  unhappy  contingency.  When 
the  railway  system  began   to  spread,  the  canal  people 
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thought  they  could,  to  some  extent  at  least,  compete  with 
it  by  the  use  of  high-speed  steamboats.  A  series  of  ex- 
periments were  therefore  made  by  Fairbaim  on  a  little 
iron  vessel  named  the  '<  Lord  Dundas/'  but  so  conclu- 
sively did  those  efforts  demonstrate  the  impossibility  of 
high  speed  ever  being  attained,  on  account  of  the  shallow 
and  narrow  channel,  that  the  project  was  abandoned. 

This  great  engineer  was  one  of  those  intellectual 
people  who  are  never  happy  unless  they  are  fully  occu- 
pied. He  had  extreme  earnestness  of  purpose — work  was 
a  necessity  of  life,  and  business  a  pleasure.  He  was  also 
unceasingly  occupied  with  his  pen,  his  pencil,  and  his 
draughtsmen,  in  planning,  scheming,  and  improving. 
Besides  all  this,  he  was  a  most  able  and  prolific  writer  of 
books  and  papers  for  learned  societies  on  practical 
science,  and  his  treatises  are  among  the  best  ever  written. 

He  received  many  marks  of  distinction  from  foreign 
governments,  and  in  England  his  principal  titles,  besides 
knighthood,  were  D.C.L.,  and  LL.D.  Simple-minded 
and  amiable,  good,  kind,  and  courteous  to  all,  he  became 
a  universal  favourite  both  at  home  and  abroad. 

Born  in  1789,  and  sustaining  throughout  a  long  and 
arduous  career  a  highly  honourable  character,  which  may 
be  taken  as  a  model  by  all  aspiring  workers.  Sir  William 
Fairbaim  passed  away  in  1874,  ^^^  ^^^  name  will  long 
live  in  what  he  has  done. 

Another  ^'eminent,*' who  flourished  contemporaneously, 
was  Sir  Joseph  Whitworth,  but  his  **line"  differed  from 
Fairbairn's,  inasmuch  as  he  devoted  himself  almost 
entirely  to  constructive  machinery,  or  machines  for  mak- 
ing engines  and  other  work,  such  as  those  for  turning, 
planing,  slotting,  boring,  &c.,  which  every  engineering 
establishment  possesses  to  a  greater  or  lesser  extent. 
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When  I  thought  about  commencing  business,  it  was 
intended  that  I  should  enter  an  Edinburgh  bank,  and 
application  was  accordingly  made  in  furtherance  of  this 
object;  but  as  it  proved  there  would  not  be  a  vacancy 
for  two  years,  I  had  to  look  out  for  something  else. 
Strangely  enough,  I  had  a  great  love  of  engineering  and 
architectural  drawing,  in  which  I  made  rapid  progress. 

This  induced  one  or  two  of  my  friends  to  propose  that 
I  should  learn  practical  engineering,  and  efforts  were 
made  in  that  direction  to  accomplish  their  wishes  on 
my  behalf.  There  was  one  serious  drawback,  however, 
and  that  was  that  I  did  not  like  the  idea. 

Jim  Macfarlane,  a  young  friend  of  mine,  was  at  that 
time  a  pupil  in  Hawthorn's  locomotive  establishment,  in 
Leith,  and  had  to  get  up  at  five  in  the  morning,  to  enable 
him  to  be  at  the  works  by  six.  He  was  also  obliged  to  go 
in  "  dirty  clothes  " — which  an  old  and  excellent  uncle  of 
mine  rather  objected  to — and  when  he  hadn't  time  to  trim 
himself  up,  occasionally  came  among  us  in  his  war  paint. 
He  used  to  speak  about  the  strictness  in  the  works, 
what  they  did  if  he  came  late,  and  what  they  didn't  do 
if  he  did  something  else,  and  how  they  were  fined  for 
"jobbing,"  or  making  tools  of  any  description  for  them- 
selves. All  this  set  me  more  against  it,  but  it  was  of 
no  avail,  as  I  had  lost  my  father  in  a  far-off  clime 
when  very  young,  had  only  my  own  efforts  to  trust  to, 
and  had  to  take  what  I  could  get,  and  that  was  a 
start  in  practical  engineering,  which  a  kind  friend  was 
fortunate  enough  to  obtain  for  me. 

No  sooner,  however,  did  I  see  Whitworth's  machinery, 
with  which  the  works  abounded,  than  all  my  objections 
vanished,  and  I  became  almost  fascinated  with  it,  and 
from  that  day  to  this  have  never  ceased  to  take  a  deep 
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interest  in  every  thing  relating  to  the  profession.  On 
this  point,  however,  I  shall  have  more  to  say  further  on. 

In  the  first  place,  Whitworth's  machines  were  remark- 
able for  extreme  elegance  and  simplicity  of  design ;  in  the 
next  place,  their  fitting  together  was  absolutely  faultless ; 
and  lastly,  their  finish  could  not  be  surpassed.  I  saw 
other  people*s  productions  as  well,  but  they  were  common- 
place in  comparison,  although  they  did  good  work.  There 
was  one  lathe  in  particular,  which  was  made  by  a  firm  in 
Leeds,  who  subsequently  acquired  celebrity;  but  for  badly 
constructed  wheels,  complicated  arrangement  of  parts, 
and  ugly  outline,  I  have  seldom  seen  anything  to  equal  it. 
The  foreman  said  it  was  "  only  fit  for  the  melting  pot." 

There  is  nothing  of  such  vital  importance  in  all  manu- 
facturing processes,  from  that  of  making  a  match  box 
or  pin  to  the  colossal  engines  of  the  "  City  of  Paris  '* 
or  "  Umbria,"  or,  indeed,  large  or  small  work  of  any 
kind,  as  good  machinery.  By  this  term  I  do  not  mean 
machinery  which  merely  looks  well,  or  works  well,  but 
that  which  turns  out  the  best  work  with  the  greatest 
rapidity.  In  our  time  of  extreme  competition  and  very 
low  profits,  nothing  else  will  do,  and  hence  it  is  not 
uncommon  to  find  the  most  admirable  machines  and 
engines  set  aside  as  useless,  on  account  of  some  small 
improvement  which  effects  a  great  saving,  and  soon 
repays  the  money  expended  in  obtaining  it.  Nowhere, 
perhaps,  has  this  been  more  remarkable  during  late  years 
than  in  the  iron  and  steel  manufacture,  and  in  steam 
navigation. 

I  remember  the  time  when  almost  every  engineering 
firm  had  its  own  pet  type  of  engine.  John  Penn  had  his 
"oscillators'*  and  "double-trunk,"  the  latter  of  which  he 
made  in  large  quantities  for  war  vessels.     Napier  had  the 
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"  side-lever,"  which  he  put  into  all  the  Cunard  steamers 
of  that  period.  Tod  &  McGregor  highly  valued  their 
"  steeple  '*  engines,  which  they  supplied  to  the  Inman  and 
Peninsular  and  Oriental  Companies,  as  well  as  others ; 
and  Caird,  Denny,  and  a  few  more,  made  an  immense 
quantity  of  the  "  inverted  direct  action  "  species,  which 
were  of  the  same  family  as  those  now  so  generally  used 
in  ships,  but  of  a  different  construction. 

The  other  kinds  referred  to  have  become  obsolete,  as 
the  two  cylinder  compound,  and,  eventually,  the  triple 
and  quadruple  expansion  engines  proved  to  be  more 
economical. 

In  all  these  engines  there  was  a  vast  amount  of  excel- 
lent work  done  by  hand,  which  is  now  executed  by 
machinery,  and  the  engineers  of  that  time  had  splendid 
opportunities  of  learning  practically  what  those  of  the 
present  day  will  never  have  in  their  power.  As  may  be 
supposed,  however,  labour  of  this  description  was  slow 
and  expensive ;  the  increased  use  of  machinery  has, 
therefore,  greatly  lessened  the  cost  of  production,  and 
wonderfully  expanded  manufactures  of  every  conceivable 
kind,  which  has  been  most  beneficial  to  the  world  at 
large;  but,  in  this  respect,  a  very  great  amount  of 
prejudice  has  been  shown,  in  connection  with  the 
introduction  of  engines  as  well  as  machines. 

About  the  year   1852,  John   Elder, — ^who  had  been 

educated  in  Napier's,  but  was  now  the  head  in  the  marine 

department  of  his  very  eminent  firm, — introduced,  in  a 

greatly  improved  form,  what  had  been  known  as  the 

"compound  engine,"  invented  in  1781,  and  first  used  in 

the  steamers  "Union"  in  1829,  and  **Le  Corsair  Noir"  in 

1842.     Many  of  Napier's  splendid  *«  side  levers "  were 

taken  out  of  steamers  to  be  re-engined  with  those  of  the 

B 
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new  type.  The  Pacific  Steam  Navigation  Company^  who 
owned  them,  quickly  saw  the  great  advantage  they  would 
derive  by  adopting  it  in  their  numerous  ships,  thus 
reducing  considerably  the  consumption  of  coal,  which 
was  rapidly  swallowing  up  their  profits,  and  from 
that  time  until  the  year  1887  they  used  no  other 
description. 

Here,  then,  was  a  splendid  and  economical  engine 
thrown  into  the  market,  which  had  been  most  success- 
fully tested  on  long  voyages,  and  possessing  virtues 
hardly  anyone  could  see  but  the  great  Company  just 
named.  The  Cunard  people  clung  pertinaciously  to  the 
old  ''side  levers''  which  had  helped  them  to  fame  and 
fortune;  the  Inman  Company  were  quite  as  faithful  to 
the  ''steeple*'  and  "horizontal"  engines  they  had 
learned  to  esteem  ;  and  all  the  other  people  had  their 
own  favourite  t3rpes  which  they  would  not  relinquish, 
even  for  the  new  one. 

In  the  year  1868,  I  happened  to  be  in  the  employ  of 
Messrs.  Laird  Brothers,  whose  Birkenhead  Iron  Works 
did  an  immense  quantity  of  work  of  every  description  and 
of  all  sizes  for  home  and  foreign  governments,  and  for 
the  merchant  service,  jogging  comfortably  along  with 
the  old  and  universally  recognised  systems  of  marine 
machinery.  Unconsciously,  however,  a  change  was  at 
hand  of  which  we  little  dreamt.  Some  one  outside  of 
the  Pacific  Company  discovered  that  the  "  Compound  ** 
was,  after  all,  a  first  class  and  very  desirable  engine, 
and  we  got  our  first  order  to  "  convert  *'  a  large  steamer — 
the  "  Belgian."  Like  an  epidemic  the  idea  spread  amaz- 
ingly, it  came  upon  the  world  like  a  flash,  and  plenty  of 
similar  orders  came  pouring  in;  at  one  time  for  a  new 
ship  and  engines,  at  another  for  the   alteration  of  one 
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or  two  more,  and  we  were  all  kept  extremely  busy  for 
several  years. 

Now  why  was  this  "  good  thing  *'  not  discovered  by 
the  general  public  long  before  ?  The  Liverpool  and  other 
shipowners  had  it  working  in  their  midst  for  many 
years,  and  yet  could  not  appreciate  its  value.  I  suppose 
the  answer  is  *'  prejudice.'*  The  writer  and  others  asso- 
ciated with  him  have  also,  in  a  small  way,  been  the 
victims  of  this  unhappy  failing,  as  the  following  narrative 
will  show. 

Some  time  after  I  began  private  practice,  two  sea- 
going engineers  came  to  me  in  the  hope  that  I  could  help 
them  with  a  not  by  any  means  matured  idea  of  theirs, 
and  put  it  into  practical  form.  This  idea  took  the  shape 
of  an  extremely  rude  sketch  of  a  ''  New  and  Improved 
type  of  Compound  engine  "  with  Corliss  valve  gear.  I 
told  them  I  had  about  as  high  an  opinion  of  this  gear  as 
they  possessed,  on  account  of  the  ease  with  which  it  is 
worked  when  exposed  to  high  steam  pressures,  and  also 
from  the  fact  that  in  America  it  had  for  a  long  time  been 
most  successfully  used  on  land  and  sea,  and  also  in  this 
country  on  mill  engines,  '•'  but,"  I  said,  <<  you  will  find  the 
British  public  won't  adopt  it  on  the  water,  particularly 
when  it  was  tried  in  one  Liverpool  steamer  and  taken  out 
again.'*  Well,  they  would  persist  in  having  their  own 
way,  so  after  stretching  a  large  sheet  on  a  drawing  board, 
and  making  a  preliminary  sketch,  I  began  the  design 
with  diameters  and  stroke  of  pistons,  and  steam  pressure 
of  100  pounds  per  square  inch  as  a  basis. 

I  had  frequent  visits  from  these  worthies  to  see  how  I 
was  progressing,  or  "  getting  on,*'  and  to  hold  conferences 
on  important  points.  Alterations  were  suggested,  lines 
taken  out  and  put  in  again,  shafts  were  removed,  levers 
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shifted,  and  the  position  of  every  detail  rectified  so  as  to 
approach  perfection  as  nearly  as  we  could. 

What  earnest  discussions  we  had  over  those  engines  1 — 
sparing  neither  time  nor  trouble  in  our  anxiety  to  obtain 
the  very  best  results,  which  we  aimed  at  quite  as  much  in 
this  speculative  design  as  if  it  had  been  for  a  mail  steamer. 
Our  individual  proposals  were  sometimes  unitedly  con- 
demned, or  in  other  words,  what  was  statically  right, 
proved  to  be  dynamically  wrong.  They  were  plain  men 
with  small  means,  and  I  saw  clearly  that  I  would  get 
very  little  for  my  trouble,  but  did  my  best  for  them  never- 
theless. They  were  also  good,  experienced,  sea  going 
hands,  who  knew  well  what  they  were  talking  about,  and 
we  accordingly  got  along  most  pleasantly. 

At  last  the  design  was  finished,  complete  in  its 
details — two  elevations  and  two  plans — but  our  ideas 
having  developed  faster  than  we  imagined,  we  unitedly 
condemned  the  whole  thing.  The  engines  looked  "  too 
sprawly," — not  compact  enough,  —  but  that  was  my 
clients'  faiilt,  so  we  at  once  began  No.  2  design. 

This  time  we  shortened  the  stroke  six  inches,  and 
made  a  sweeping  alteration  in  the  position  of  the  low 
pressure  cylinders,  still  adhering,  however,  to  the  Corliss 
valve  arrangement,  and  the  result  was  a  plan  which 
pleased  us  all.  We  now  had  a  quantity  of  lithographs 
taken  of  them,  with  printed  descriptions,  which  were 
sent  to  shipowners  and  engineers  throughout  the  country. 
The  general  opinion  was  that  the  design  was  excellent, 
almost  everyone  liked  it,  but  the  Corliss  valves  were 
condemned  on  all  sides. 

We  were  not  going  to  be  sat  upon  in  this  way,  so  we 
made  a  third  attempt.  "  Now,"  I  said  to  my  clients, 
"we'll  cut  out  the  obnoxious  Corliss  gear  for  the  high 
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pressure  cylinder,  and  treat  them  to  the  piston  valve, 
equilibrium  type,  easy  to  work,  you  know.  Keep  the 
common  slide  valves  for  the  low  pressure  cylinders  as 
before,  and  let  all  the  pumps  and  other  gear  remain 
exactly  where  they  are."  We  also  designed  an  **  Im- 
proved marine  boiler." 

At  last  success  smiled  on  our  continued  efforts,  for  the 
general  opinions  now  were — **a  very  nice  arrangement, 
indeed;  '* — "  fine  long  connecting  rod  ;  " — "  very  compact 
and    symmetrical ;  ** — **  very  get-at-able ;  " — and   so   on. 
The  valve  gear  was  also  approved  of,  and  the  boiler 
received  great  praise,   indeed,  an  eminent  authority  in 
Liverpool,  himself  an  engineer  as   well  as  shipowner, 
spoke  most  highly  of  both ;  but  when  I  asked  him  if  he 
wouldn't  introduce  them  into  his  own  fleet,  he  said,  ''  they 
had  never  been  tried ;  his  own  special  engines  gave  him 
every  satisfaction,  and  he  did  not  wish  to  make  altera- 
tions ;  besides,"  as  he  wisely  added,  '<  if  anything  should 
go  wrong  at  sea,  it  is  not  the  cost  of  repairs  that  I  dread, 
but  loss  of  time  on  the  voyage.'* 

Everyone  seemed  to  have  similar  opinions,  too,  and 
asked  if  they  had  '*  been  tried  ? "  We  said  ''  no,"  and  that 
was  enough,  they  all  waited  till  "  someone  else  "  made  the 
experiment  before  they  would  have  anything  to  do  in  the 
matter,  and  thus  our  work  in  the  end  went  for  nothing.  I 
like  to  point  a  moral,  as  well  as  adorn  a  tale,  if.  I  can,  and 
I  think  the  moral  is  this:  avoid,  as  much  as  possible, 
dabbling  in  hig  and  expensive  things.  Our  engines  would 
have  cost  thousands  of  pounds  to  make,  and  therefore 
people  were  afraid  of  them.  Had  we,  however,  designed 
an  improved  pencil-holder,  or  something  similarly  useful, 
to  sell  by  the  million,  the  plans  for  which  could  have 
been  sketched  in  a  few   hours,   my   clients  might  have 


22  ENGINEERING,  POPULARLY  chap.  ii. 

made  a  fortune,  as  some  people  have  done  through  the 
most  trivial,  but  nevertheless  popular,  inventions. 

A  few  individuals  have  made  immense  incomes  out  of 
simple  devices  they  have  patented,  but  certainly  did  not 
originate.  In  this  respect,  schoolboys  have  unconsciously 
disclosed  a  perfect  mine  of  wealth  by  means  of  their 
ingenious  discoveries.  If,  for  instance,  anyone  had — about 
thirty  years  ago — turned  inside  out  the  pockets  of  some  of 
those  youths,  there  would  have  been  found  amongst  other 
treasures,  a  small  piece  of  lead  pencil  stuck  into  the  nib 
end  of  a  steel  barrel  pen,  the  other  end  of  which  contained 
a  plug  of  india  rubber.  Sometimes  slate  pencil  and  a 
piece  of  rag  were  used  instead,  but,  at  any  rate,  this  was 
the  germ  of  the  now  well  known  india  rubber  tip  pencil, 
which  has  yielded  a  profit  of  ;^2o,ooo  to  the  patentee, 
merely  from  royalties  paid  by  its  manufacturers. 

The  ''  return  ball,"  with  elastic  cord  attached  to  it,  is 
another  schoolboy  invention  which  brought  in  a  revenue 
of  about  ;^io,ooo  a  year  to  the  person  who  appropriated  it 
in  legal  form.  Long  ago,  those  youths  sometimes  fastened 
to  their  feet  two  little  flat  boards  on  wheels,  and  then  got 
some  one  to  haul  them  along.  This  was  the  beginning — 
the  crude  idea — of  the  roller-skate,  the  patentee  of  which 
made  nearly  a  quarter  of  a  million  sterling  through  the 
working  of  his  "invention."  Truly  the  boys  deserve 
looking  after  in  more  ways  than  one. 

Mr.  Fox  realised  ;^i  70,000  out  of  his  "  paragon 
frame  "  for  umbrellas,  and  the  owner  of  the  "  stylographic 
pen"  made  ;^40,ooo  a  year  by  his  discovery.  A  few 
patent  toys  have  also  produced  magnificent  results,  but 
one  of  the  most  profitable  novelties  of  the  present  day 
has  been  the  sewing  machine,  which  was  invented  by 
Elias  Howe  in   1844.    After  the  idea  had  flashed  upon 
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him,  he  worked  upon  it  earnestly  for  years,  struggling 
with  poverty,  until  his  beautiful  mechanism  was  per- 
fected, and  eventually  his  income  rose  to  ;^ioo,ooo  a  year. 
Wheeler  and  Wilson  were  each  equally  prosperous,  and 
Mr.  Singer  left  behind  him  as  clear  profit  from  the 
same  source,  three  millions  of  pounds. 

Fortunes  may  still  be  made  in  a  similar  manner,  if 
people  can  invent  something  really  useful, — like  the  per- 
forating machine  for  stamps,  etc. — something  that  will 
save  time  and  labour,  or  catch,  in  some  way  or  other,  the 
popular  taste.  It  may  appear  strange,  but  it  is  neverthe- 
less true,  that  the  shareholders'  available  profits,  derived 
from  some  of  our  most  stupendous  railway  undertakings, 
fade  completely  away  when  compared  with  the  mag- 
nificent results  of  the  humble  and  inexpensive  Switchback 
lines,  whose  lives  are  short  and  merry,  and  wonderfully 
beneficial  to  all  concerned. 

In  the  history  of  this  branch  of  engineering,  there  are 
indeed  many  dark  shades.  Fortunes  have  been  lost, 
health  has  been  ruined,  hopes  have  been  blighted,  even 
by  the  most  deserving  people,  while  trying  to  win  the 
success  which,  after  all,  was  achieved  by  others  who 
profited  by  their  labours.  Fortunes  have  also  been  lost 
by  those  who  thought  they  had  discovered  something  of 
real  value,  but  had  not  done  so.  The  aim  of  designers  is 
to  make  thefr  schemes  remunerative,  but  between  a  pro- 
fessional triumph  on  the  one  hand,  and  commercial 
prosperity  on  the  other,  there  is  sometimes  a  very  wide 
chasm.  Probably  there  may  not  be  a  demand  for  the 
article  even  when  perfected,  or  perhaps  the  cost  of 
manufacture  is  too  great  to  enable  it  to  compete  success- 
fully with  what  is  already  in  existence.  Occasionally, 
however,  the  80*called  "  improvement "  is  only  the  dream 
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of  an  unpractical  enthusiast,  whose  aim  may  be  to 
produce  perpetual  motion,  or  something  approaching  it» 
if  possible.  The  history  of  inventors  abounds  with 
cases  similar  to  those  referred  to,  but  perhaps  enough 
has  been  said  to  shew  the  difference  between  two 
distinct  and  well  known  classes  of  ingenious  experimen- 
talists. 

The  field  of  invention  is  vast  and  varied,  and  open 
to  everyone,  regardless  of  age,  sex,  station,  or  means, 
but  it  is  often  very  disappointing,  and  those  who  enter  it 
have  frequently  to  exercise  sound  judgment  combined 
with  unlimited  patience  and  perseverance  under  difficul- 
ties, to  enable  them  to  attain  their  desired  end. 

Good  machinery  is  absolutely  necessary  in  conducting 
every  kind  of  manufacture  rapidly,  successfully,  and  pro- 
fitably, and  perhaps  one  of  the  best  illustrations  I  can 
give,  relative  to  the  "constructive"  species,  is  to  be 
found  in  the  history  of  the  North  London  Railway. 

This  line  was  opened  in  1850,  but  its  locomotive 
works  were  not  built  until  five  years  afterwards.  In  the 
meantime,  a  gigantic  traffic  had  sprung  up,  and  when  the 
making  of  their  own  engines  was  added  to  that  of  repair- 
ing, they  were  nearly  overwhelmed  with  work  which  the 
superintendent  was  obliged  to  execute  at  all  hazards. 
So  great  was  the  strain  thrown  upon  the  establishment 
at  one  time,  that  the  Directors  hardly  knew  how  to  deal 
with  it.  The  men  were  working  on  night  and  day  shifts 
doing  repairs,  but  in  spite  of  this,  no  engine  could  be 
spared  long  enough  to  enable  its  defects  to  be  properly 
rectified  at  one  lying  up.  It  is  said  that  goods  trains  were 
worked  in  the  dead  of  the  night,  with  the  engine  leading 
t3nres  so  loose  that  they  had  to  be  run  only  at  such  speed 
as  would  enable  men  to  follow  them  with  lanterns  and 
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hammers  to  see  that  they  did  not  come  off.  I  fancy, 
however,  that  this  is  a  mythical  story,  but  it  nevertheless 
had  a  foundation  of  truth. 

The  fact  was  the  line  and  workshops  were  taxed  far 
beyond  their  capacities,  and,  to  tide  them  over  the  diffi- 
culty, special,  and  in  some  cases  very  simple  machinery 
had  to  be  devised  Besides  this,  there  were  little  things 
known  as  '^  appliances,"  which  helped  very  materially  in 
rendering  assistance,  and  to  crown  all,  a  most  admirable 
system  of  management  was  planned  and  carefully  worked 
out  in  eveiy  little  detail.  These  united  and  well  directed 
efforts  eventually  produced  the  happiest  results. 

Constructive  machinery  has  now  attained  great  perfec- 
tion, and  nowhere  is  this  more  observable  than  in  vast 
establishments,  such  as  the  London  and  North  Western 
Railway  Works  at  Crewe.  All  the  fixed  and  movable 
plant,  including  bridges^  canal  boats,  locomotives,  steel 
rails  for  the  lines,  steel  plates,  &c.,  for  the  steamers  at 
Holyhead,  and  everything  else,  great  and  small,  is 
made  on  the  premises  by  means  of  special  machines  and 
engines,  which  execute  everything  to  perfection  and  with 
great  rapidity.  The  same  remarks  may  also  apply  to 
similarly  colossal  and  unique  establishments  of  another 
description,  such  as  the  Els  wick  Works  of  Lord  Arm- 
strong &  Co.  at  Newcastle,  and  those  of  Sir  Joseph  Whit- 
worth  &  Co.  in  Manchester,  where  some  of  the  most 
costly  and  gigantic  machinery  in  the  world  is  to  be  found. 
The  former,  however,  is  now  closed  against  non-official 
visitors.  In  Messrs.  Piatt  Brothers*  Works,  at  Oldham, 
and  also  those  of  the  Singer  Sewing  Machine  Co.,  on  the 
Clyde,  constructive  machinery  of  a  more  or  less  delicate 
kind  is  employed  in  the  manufacture  of  textile  mechanism 
and  appliances  in  the  one  case,  and  of  the  American 
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invention,  combined  with  steam-boilers  of  a  special 
description,  in  the  other. 

All  these  works  are  interestingly  instructive,  both  to 
professionals  and  non -professionals,  as  they  are  among 
the  best  and  largest  of  their  class  in  this  or  any  other 
country.  The  Elswick  establishment  alone  employing 
fully  13,000  hands,  Piatt  Brothers  at  least  5,000,  and 
Crewe  about  x  6,000  in  all  departments. 

The  term  "  special  *'  is  applied  to  ever3^hing  which  is 
used  for  one  particular  purpose,  and,  in  locomotive  and 
some  other  establishments,  there  is  such  a  large  quantity 
of  details  of  a  similar  kind  and  size  constantly  in  hand, 
that  the  adoption  of  the  generally  useful  machines  of  a 
*'  marine  '*  work  would  neither  be  desirable  nor  economi- 
cal. Having  had  a  turn  among  locomotives  myself,  I 
cannot  admire  those  branches  of  engineering  which 
change  men  and  boys  almost  into  automata,  as  they 
are  kept  such  a  long  time  doing  the  same  thing,  and,  in 
too  many  cases,  of  such  a  simple  character,  that  it  might 
easily  be  learnt  in  a  month.  So  far,  however,  as  the 
apprentices  are  concerned,  a  good  premium  protects 
them  from  this  evil ;  and  in  the  manufacture  of  engines 
for  ships,  and  also  a  great  variety  of  heav/  '^  general  *' 
work  for  pumping,  winding,  mill-driving, -and  other  pur- 
poses, it  cannot  well  exist. 

To  carry  on  the  indescribably  miscellaneous  assort- 
ment of  everyday  manufactures,  such  as  wood-work,  and 
metal  work  of  every  conceivable  description,  there  is  an 
immense  quantity  of  machinery  employed,  which  would 
astonish  an  outsider.  For  example :  a  *'  splint  "  machine, 
in  the  hands  of  a  boy,  will  cut  splints  for  at  least  10,000 
matches  in  one  minute,  and  even  this  can  be  greatly 
exceeded.    There  is,  however,  no  establishment  in  Great 
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B^tain  so  instructive  in  this  respect  as  Woolwich 
Arsenal,  on  account  of  the  extreme  variety  of  the 
machinery  employed  in  the  production  of  everything, 
large  and  small,  connected  with  warlike  stores  and 
appliances  on  a  gigantic  scale.  This  vast  institution 
covered  in  1866  three  hundred  acres,  and  during  the 
Crimean  War  employed  15,000  men  and  boys  night  and 
day. 

The  last  class  to  which  we  shall  refer  is  that  most 
important  one  used  so  extensively  for  all  textile  fabrics  in 
silk,  wool,  cotton,  alpaca,  &c.,  which  the  united  efforts  of 
many  able  engineers  have  done  so  much  to  improve.  To 
them  alone  the  ladies  owe  a  debt  of  gratitude,  for  enabling 
them  to  obtain  every  article  of  dress  they  *wear  at  such 
extremely  low  prices,  and  to  no  one  ought  they  to 
be  more  thankful  than  the  late  Richard  Roberts,  of 
Manchester. 

He  was  a  man  of  great  ability,  and  one  of  the  most 
prolific  and  useful  inventors  of  his  time.  To  the  highest 
practical  and  scientific  knowledge,  he  added  the  qualities 
of  great  perseverance,  and  studious  research.  Ultimately 
he  became  a  .partner  in  the  firm  of  Sharp  &  Roberts — 
now  Sharp,  Stewart  &  Co.-^-but,  after  coining  wealth  for 
the  cotton  spinners,  and  benefiting  the  world  at  large,  he 
unhappily  died  in  poverty,  and  left  his  family  to  be 
provided  for  by  others. 


^  I 
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CHAPTER  III. 

DUMBARTON    AND     THE     CLYDE. 

My  apprenticeship  in  Denny's  1852 — Great  prosperity  in  the  Tarious 
Works — Engineer  Workmen — Strikes  in  the  Shipyards— William 
Denny  hands  oyer  a  large  contract  to  Caird  &  Co. — Later  Strikes 
among  Coal  and  Iron  people — Belgian  Iron  Trade — How  Strikes 
begin — Generalship  of  the  Masters — The  "  Delegate  " — Unhappy 
Workmen — Dumbarton  at  this  period — Disastrous  Storm — Death  of 
William  Denny— Engineer  Foremen— S.S.  **  Yorkshireman  " — ^The 
Penalty — The  Wreck — A  good  Speculation. 

In  the  end  of  1852,  I  entered  the  works  of  Messrs. 
Tulloch  &  Denny,  now  Denny  &  Co.,  for  the  purpose 
of  learning  marine  engineering. 

Dumbarton  at  this  time  was  a  very  quiet  place,  pro- 
vided you  kept  out  of  hearing  the  clattering  of  hammers 
in  the  ship  yards  with  which  it  abounded.  If  you  walked 
down  the  main  or  "  High  *'  Street  during  the  day,  you 
were  forcibly  tempted  to  ask  •*  Where  are  all  the  people?" 
as  the  only  individuals  visible  were  a  few  stragglers,  or 
one  or  two  shopkeepers  standing  at  their  doors  looking  for 
customers  who  were  at  that  time  elsewhere.  At  one  end 
of  this  street  stood  the  Parish  Church,  and  a  little 
distance  down,  the  "  Elephant  and  Castle  '*  and  "  King's 
Arms  "  hotels  rose  to  view,  then  came  a  bridge  across 
the  Leven,  and  proceeding  onwards  to  the  other  extreme 
end,  you  arrived  at  the  beautifully  situated  place  where 
all  the  engines  and  boilers  were  made  for  ships  built  in 
three  of  the  yards.  The  engine  works  were  washed  on 
two  sides  by  the  Leven, — a  broad  outlet  of  Loch 
Lomond, — and  were  also  fully  open  to  the  Vale  of  Leven, 
and  the  charming  mountain  scenery  of  Dumbartonshire. 
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In  short,  there  never  was  a  work  of  this  kind  so  pleasantly 

■ 

located, — to  my  knowledge  at  least. 

In  fine  evenings  everyone  was  out  promenading,  the 
magnates  of  the  town  and  others  marching  up  and  down 
the  centre  of  the  High  Street,  while  the  workmen,  in  a 
similar  manner,  occupied  their  leisure  time  in  crowding 
the  street  generally.  An  air  of  peace  and  serenity  pre- 
vailed everywhere,  except  in  some  late  working  establish- 
ment, and  on  Sundays  this  was  of  a  very  marked  char- 
acter, as  all  traffic  by  land  and  water  had  ceased. 

Such,  then,  was  the  place  where  I  had  to  reside  for 
the  next  few  years,  the  monotony  of  which  was  only 
broken  twice  a  year  by  a  fortnight's  holiday  in  July  and 
December,  and  by  occasional  brief  visits  to  Glasgow.  In 
former  times,  Caird  of  Greenock  had  made  all  the  engines 
that  were  required  for  the  ships  built  by  the  Dennys,  but 
in  1850,  the  establishment  I  had  just  entered  was  opened 
to  meet  a  want  which  had  been  increasingly  felt,  and  the 
result  was,  that  for  a  long  time  afterwards,  they  had  as 
many  orders  in  hand  as  they  could  possibly  execute, 
indeed,  for  about  two  years,  eight  and  ten  o'clock  work 
was  the  order  of  the  day — or  night, — for  most  of  the 
hands. 

The  men  and  boys  were  remarkably  steady,  respect- 
able, and  well  conducted,  and  during  the  whole  period  I 
was  among  them,  often  worked  a  great  deal  more  than  six 
days  a  week  on  account  of  "  overtime,'*  which  many  got 
tired  of  however,  although  "time  and  a  quarter"  from 
six  to  eight,  and  "  time  and  a  half"  from  eight  to  ten, 
were  considerable  advantages  in  a  pecuniary  way,  Such 
was  my  opinion  then,  of  those  employed  in  the  engineer- 
ing department,  and  such  it  has  ever  been,  but  no  similar 
commendation  can   I   give  the  shipbuilders,  who  were, 
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without  exception,  the  most  cantankerously  unmanageable 
crew  I  have  ever  seen.  They  were  very  fond  of  drinking, 
and  much  liked  striking.  At  one  time  the  rivetters  would 
strike,  and  the  *'  holder  up  *'  boys  go  off  for  a  holiday. 
Then  the  youths  would  have  a  turn  at  the  same  employ- 
ment, and  their  piasters — the  rivetters — "go  on  the 
spree,"  compulsorily  or  otherwise,  genially  otherwise. 

Next  in  order  came  the  platers,  who  thought  they 
might  try  their  fortune,  and  the  carpenters  and  joiners 
followed  in  the  rear.  Thus  they  went  on  by  stages  until 
some  one  found  out  that  *'  union  was  strength,"  then  they 
all  struck.  I  remember  on  one  occasion  Mr.  William 
Denny  had  received  an  order  for  four  steamers  of  i,ooo 
tons  each,  which  were  to  be  built  with  all  despatch.  No 
sooner  did  this  become  known,  than  the  men  thought  it 
would  be  a  fine  chance  for  obtaining  more  pay,  and 
accordingly  struck  at  once.  This  was  a  very  imprudent 
movement  on  their  part,  as  the  work  was  not  quite 
begun.  Mr.  Denny  therefore  rounded  on  them  cleverly, 
by  immediately  handing  over  the  whole  contract  to  Caird, 
and  left  them  to  come  to  at  leisure.  We,  in  consequence, 
lost  the  engines. 

Another  striking  era,  with  which,  however,  I  was 
not  associated,  occurred  about  the  year  1876.  This  time 
it  was  among  the  coal  and  iron  people  of  Wales.  Iron 
ran  up  by  degrees  until  it  reached  the  highest  price 
ever  known,  which  was  very  embarrassing  to  engineers 
and  shipbuilders.  Coal  was  also  advanced  to  fabulous 
rates,  thereby  causing  the  British  householder  much 
annoyance  and  loss.  It  was  curious  to  note  how  these 
two  classes  of  workmen,  while  studying  their  own  indi- 
vidual interests,  played  into  each  other's  hands,  until 
they  were,  we  might  say,  masters  of  the  situation,  and 
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enriched  by  conquest.  Such,  at  least,  was  my  own 
opinion,  when  I  heard  of  them  wearing  sealskin  jackets 
and  caps,  and  also  gold  watches.  Luxurious  living,  too, 
was  highly  prized,  and  first-class  travelling  on  railways, 
&c.,  was  frequently  adopted,  all  of  which  became,  for  a 
time  at  least,  somewhat  unfashionable. 

There  is  an  old  saying  that  ''  every  canine  animal  has 
his  day,"  and  I  think  the  aphorism  quite  applicable  in 
this  case.  The  colliers  and  ironworkers  had  now  reached 
the  summit  of  their  ambition,  but,  like  old  Rome  and 
ancient  Greece,  their  glory  trembled  in  the  balance  and 
then  departed.  Things  righted,  as  many,  though  not  all, 
do  in  time,  and  the  two  products  of  the  earth  gradually 
came  down  in  price  until  they  were  lower  than  they  had 
ever  been ;  but  this  was  only  part  of  the  play.  A  great 
deal  of  mischief  had  been  done  by  the  iron  people,  from 
which  they  have  never  recovered. 

The  Belgian  manufacturers,  seeing  the  state  of  afiairs 
here,  at  once  began  to  open  a  connection  with  this  coun- 
try, which,  in  course  of  time,  became  most  powerful  and 
damaging.  They  commenced  supplying  us  with  all  sorts 
of  iron  beams,  girders,  and  bridge  or  roof-work  generally, 
and  at  such  low  prices,  that  English  iron  for  such  pur- 
poses was  almost  driven  out  of  the  market,  and  even  now, 
with  our  own  materials  so  extremely  cheap,  their  impor- 
tations are  extensively  used  in  all  kinds  of  building 
constructions. 

At  one  time  those  continentals  bought  our  iron  ore, 
worked  and  manufactured  it  for  themselves,  and  delivered 
it  in  England  for  much  less  money  than  we  could  do  on 
our  own  territory ;  and  the  reason  was  this.  The  Belgian 
workmen  were  very  steady  and  reliable,  they  had  longer 
hours  and  less  pay  than  the  British,  and  were  content 
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to  live  in  a  style  corresponding  to  their  position,  and, 
above  all,  to  keep  sober.  Those  who  know  this  subject 
intimately  have  also  their  tales  of  disaster  to  relate  on 
a  gigantic  scale,  of  men  and  women  impoverished  and 
trade  ruined;  such,  I  believe,  was  the  case  with  the 
once  prosperous  business  of  iron  ship-building  on  the 
Thames. 

The  annoyance  such  men  as  I  have  mentioned  cause 
their  employers  is  sometimes  very  great.  Say,  for  ex- 
ample, a  large  firm  gets  an  extensive  order  to  execute 
with  all  possible  speed,  under,  it  may  be,  heavy  penalties 
for  delay  beyond  the  time  specified.  In  the  first  place, 
their  estimate,  which  must  be  adhered  to,  has  been  based 
not  only  upon  the  current  prices  of  material,  but  upon 
current  wages  as  well.  Whenever  the  contract  is  signed, 
the  work  commences,  and  the  greatest  activity  reigns  in 
all  departments. 

The  men  knowing  this,  or  their  "  delegates  "  for  them, 
at  once  organise  a  strike,  and  try  to  compel  the  masters 
to  give  them  an  increase  of  pay.  Well,  now,  what  is  to 
be  done,  with  the  whole  establishment  in  full  swing  ?  If 
the  employers  agree  to  give  what  is  asked,  they  may  be 
put  to  serious  loss;  if  they  do  not,  the  hands  may  leave  off 
work,  and  perhaps  a  greater  disaster  arise  on  account  of 
the  penalty,  unless  protected  by  the  *'  conditions  of  con- 
tract." The  best  course  to  pursue,  in  similar  cases,  is  for 
the  men  to  stay  where  they  are  and  be  content,  but  they 
will  not  always  do  this.  A  medium  course  is  to  settle  the 
matter  by  arbitration,  as  the  lesser  of  two  evils,  and  a 
third  is  to  treat  them  as  Mr.  Denny  did,  provided  the 
work  has  not  gone  too  far,  and  will  not  involve  the  firm 
in  another  harassing  difficulty — "breach  of  contract." 
You  will,  therefore,  clearly  see  the  unhappy  complications 
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which  may  arise,  almost  at  once,  through  the  conspiracy 
of  a  set  of  discontented,  and,  it  may  be,  drunken  and 
dissolute  workpeople. 

It  is  deeply  to  be  regretted  that  such  a  state  of  things 
should  exist,  but  I  am  afraid  it  will  continue,  so  long  as 
men  and  women  are  what  they  are.  I  do  not,  however, 
blame  the  '* hands'*  so  much  as  I  do  the  "delegates," 
who  are  only  men  advanced  from  the  ranks,  and  dressed 
in  a  little  brief  authority.  Their  pay  is,  I  think,  about 
/2  a  week  with  all  expenses ;  besides  this,  they  go  about 
**  like  gentlemen,"  which  is  a  coveted  honour.  For  these 
valued  benefits,  they  of  course  feel  that  something  must 
be  done  in  return,  just  as  you  or  I  would^  under  similar 
circumstances,  and  thus  an  honourable  feeling  is  degraded 
into  acts  which  cause  heavy  loss,  if  not  ruin,  to  the 
employers,  and  incalculable  misery  to  those  who  have 
been  led  into  them.  If  you  wish  to  study  the  subject  in 
all  its  bearings,  and  if  you  should  desire  to  fathom  the 
inner  workings,  and  even  terrible  crimes,  such  a  system 
educates  people  to,  the  newspapers  for  the  last  twenty 
years  will  give  the  necessary  information. 

When  I  speak  of  crimes,  no  matter  of  what  kind,  as 
well  as  minor  evils,  I  think  most  people  will  allow  that 
they  are  all  mainly  due  to  one  blasting,  blighting, 
desolating  curse,  which  pervades  the  British  Isles, — the 
love  of  drink.  When  I  take  a  retrospective  glance  at 
the  people  I  have  known  in  the  various  classes  of  society, 
the  amiable  and  kind,  the  good  and  true,  those  whose 
prospects  were  bright,  as  well  as  those  from  whom  the 
sunshine  of  life  had  departed,  men  and  women,  gentle- 
men and — ladUs/  it  seems  to  me  as  if  the  Enghsh 
laogoage  did  not  contain  words  strong  enough  wherewith 

to  crush  the  grim  fiend,  and  yet  I  believe  there  is  a 

c 
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quotation  from  Lalla  Rookh  which   will  be  sufBciently 
powerful. 

It  refers  to  the  veiled  Prophet  of  Khorassan  who, 
when  disclosing  bis  horrible  features  to  Zelica,  ex- 
claimed : — 

"  Here,— judge  if  hell  with  all  its  powers  to  damn, 
Can  add  one  curse  to  the  foul  thing  I  am." 

So  awful  was  the  sight,  when  he  raised  the  veil — that — 

'*  The  Maid  turned  slowly  round, 
Looked  at  him, — shrieked,'and  fell  upon  the  ground." 

The  poor  *'  heathen  Chinee  '*  destroys  himself  just 
about  as  surely  by  opium  smoking,  but  when  in  the 
seventh  heaven  of  delight,  through  the  use  of  the  fatal 
drug,  he  is  an  inert,  insensate,  harmless  mortal,  whereas 
when  our  people  use  their  beverage  too  freely,  they 
become  raging  demons,  and  this  makes  all  the  di£fer- 
ence. 

When  I  went  to  Dumbarton,  I  was  young,  very 
prejudiced  and  conceited,  and  a  great  deal  more  ignorant 
of  the  world  than  I  hope  I  am  now.  At  this  period,  there 
were  no  reading  rooms,  no  lectures,  and  no  enter- 
tainments of  any  kind,  beyond  an  occasional  *<  Grand 
Concert'*  in  the  Odd-FeUows'  Hall,  by  Glasgow  stars, 
among  whom  Stembridge  Ray,  Gus.  Lloyd,  Sam.  Cowell, 
and  others  used  to  shine.  Miss  Emily  Ray,  too,  at  that 
time  very  young,  assisted  in  a  small  way.  When  not 
enlivened  by  these  festivals  of  song,  the  town  was 
extremely  dull  in  the  evening.  Fortunately  for  me,  how- 
ever, Sheriff  Steele, — an  intimate  friend  of  ours  from  his 
boyhood, — and  his  good  lady,  who  resided  there,  helped  in 
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no  small  degree,  by  their  kindness  and  attention,  to  make 
my  few  years  residence  among  them  more  agreeable. 

I  had  not  been  long  in  the  works  before  I  discovered 
that  it  would  be  a  source  of  great  pleasure  and  advan- 
tage if  I  could  get  permission  to  sketch  and  take  dimen- 
sions of  the  engines  in  progress  during  leisure  hours,  and 
draw  them  out  fully  at  home.  This  privilege  I  succeeded 
in  obtaining,  and  during  the  whole  of  my  apprenticeship 
esteemed  it  all  the  more  highly  because  engineers  at  that 
time  were  very  jealous  of  anyone  in  their  employment 
taking  notes,  and  as  *•  leisure  time  "  proved  to  be  part  of 
the  dinner  hour,  as  well  as  Saturday  afternoons  and 
summer  evenings  when  necessary,  I  had  always  plenty  to 
do.  The  system  I  adopted  was  this : — every  detail,  big 
and  little,  about  the  engines,  was  overhauled  and  care- 
fully sketched  and  dimensioned,  so  that  I  could  from  the 
rough  particulars  make  complete  general  drawings  at 
home — plans,  elevations,  and  sections,  to  scale. 

It  was  splendid  and  fascinating  practice,  but  it  often 
gave  me  more  work  than  I  cared  for,  and  very  frequently 
allowed  me  only  four-and-a-half  hours'  sleep,  when  the 
drawings  had  to  be  sufficiently  far  advanced  before  the 
engines  were  taken  to  pieces  in  the  erecting  shop.  No 
one,  perhaps,  could  have  made  a  greater  hobby  of  any 
employment  than  I  did  of  mine,  and  I  rather  fancy  that 
if  the  Firm  had  had  any  idea  that  the  plans  of  every 
kind  of  engine  they  made  were  to  have  found  a  place 
in  my  portfolio,  the  favour  would  not  have  been  granted. 

One  of  the  memorable  events  that  happened  in  my 
time  was  the  storm  of  February  6th,  1856.  We  were  on 
that  occasion  working  till  midnight,  erecting  the  engines 
of  the  "  Min,"  a  China  steamer,  and,  as  one  of  those  so 
employed,  I  went  home  for  tea  at  six.    A  calm  prevailed, 
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but  soon  afterwards  the  wind  began  to  rise  in  gusts,  until 
about  eleven  o'clock,  when  we  were  in  the  middle  of  a 
perfect  West  Indian  Tornado,  and  as  the  works  were  fully 
exposed,  we  felt  the  tempest  in  all  its  fury.  Call  it  a 
cyclone,  hurricane,  or  anything  else  you  please,  there  was 
one  tiling  very  certain,  and  that  was,  that  things  seemed 
as  if  they  were  going  to  pieces,  and  had  the  great  doors  of 
the  building  not  been  securely  stayed  inside  with*  timber 
props,  they  would  have  been  blown  in,  and  great  damage 
might  have  resulted. 

Since  that  eventful  night,  I  have  witnessed  many  a 
terrible  storm,  but  never  one  so  destructive  to  property, 
or  one  which  left  its  maiks  behind  it  for  such  a  length  of 
time.  Helensburgh  stone  pier  was  destroyed,  and  many 
house  windows  blown  in,  tall  chimneys,  etc.,  thown 
down,  and  amongst  a  variety  of  other  disasters,  was  the 
wreck  of  Tod  &  McGregor's  building  shed,  which  had 
recently  been  erected  in  Crystal  Palace  style,  at  a  cost  of 
;fiS,ooo. 

A  correct  knowledge  of  the  force  of  wind  is  most 
essential  to  an  engineer,  but  strange  to  say,  until  after  the 
Tay  Bridge  came  down,  the  greatest  authorities  on  the 
subject  differed  very  widely.  Some  said  one  thing,  and 
some  another,  but  no  one  seemed  to  know  what  the 
greatest  wind  stresses  really  were.  If  this  disaster  had 
not  occurred,  we  might  still  have  been  in  the  dark,  but 
that  terrible  calamity  caused  a  searching  enquiry  to  be 
made  with  the  view  of  elucidating  facts  which  were 
certainly  mysterious.  In  this  respect,  however,  the  engi- 
neers of  the  Forth  Bridge  have  done  good  service  to  the 
profession,  by  making  a  series  of  experiments  on  a  very 
large  scale,  which  enabled  them  to  ascertain,  not  only 
the  ordinary  storm  pressures  per  square  foot,  but  also 
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what  those  extraordinary  and  unaccountable  blasts  of 
intense  severity  over  a  small  area  sometimes  amount  to. 
In  this,  they  have  been  to  some  extent  successful,  as  it 
has  at  last  been  officiaUy  decided  that  the  greatest  wind 
pressure  to  be  safely  allowed  for  on  all  flat  and  fully 
exposed  vertical  surfaces,  need  not  exceed  fifty-six  pounds 
per  foot. 

During  a  recent  excursion  to  the  country,  I  came  to 
know  something  about  atmospheric  disturbances  which 
might  be  useful  to  scientists  in  general. 

While  our  party  were  visiting  the  residence  of  Mr. 
Worsley,  near  Winwick,  Lancashire,  he  showed  us  a 
part  of  his  grounds  which  had  been  injured  by  a  storm 
some  years  before.  Upon  questioning  him  closely  about 
it,  he  told  me  that,  when  at  its  height,  a  blast  of  most 
intense  and  concentrated  energy  had  swept  over^  his 
garden,  cutting  like  a  knife  through  some  rhododendron 
bushes,  and  snapping  off  two  large  trees  near  the  root, 
besides  doing  other  damage.  The  strange  part  of  it  was, 
that  outside  of  what  we  might  call  the  line  of  fire  no 
mischief  was  done.  In  the  tropics,  however,  such  expe- 
riences are  by  no  means  uncommon. 

Another  event  that  happened  at  Dumbarton  in  those 
da3rs,  was  the  death  of  Mr.  William  Denny — The  Denny. 
He  was  of  short  stature,  and  had  a  very  mild,  gentle, 
unassuming  manner.  He  also  was  the  genius  of  the 
family,  and  had  conducted  most  successfully  the  very 
celebrated  establishment  over  which  his  father  had 
reigned  before  him.  The  day  of  the  funeral  was  a  day  of 
silence,  as  the  various  works  were  closed,  and  we  all 
escorted  his  remains  to  their  resting  place.  Thus  passed 
away  from  among  us,  at  an  early  age,  one  to  whom 
Dumbarton  owed  much  of  her  prosperity. 
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We  had  very  good  and  steady  foremen  amongst  the 
Engineers — one  of  whom  became  the  head  of  a  work 
of  his  own  in  Greenock,  the  name  of  the  firm  being 
Rankin  &  Blackmore.  Another  of  our  foremen  was 
William  Campbell,  a  fresh-coloured,  light-haired  man. 
A  great  word  of  his  was  •*  tosh  "—to  finish — "  tosh  " 
this,  and  "tosh"  that.  On  one  occasion  he  said  to 
me,  "You  better  tosh  ofiF  that  air-pump  crosshead  and 
get  it  out  of  hand."  At  another  time  he  observed,  **  Now 
I  wish  you  would  tosh  that  hand  pump  gear  a  little 
better,  and  keep  the  people  from  glowring  at  it."  This 
pump  was  to  go  on  the  deck  of  a  new  paddle  steamer, 
named  the  "  Yorkshireman,"  which  was  nearly  com- 
pleted, and  as  it  was  to  be  exposed  to  the  weather, 
I  thought  high  art  quite  unnecessary — a  tale,  however, 
hangs  by  that  ship. 

She  was  constructed  under  a  penalty  of  /loo  a 
week  for  delay,  and  Mr.  Archibald  Denny,  who  built 
her,  lost  /900  through  this  transaction ;  but,  on  her  first 
voyage,  she  was  wrecked  in  the  Belfast  Lough,  and  took 
my  deck  pump  down  with  her  to  the  bottom,  where  she 
lay  for  some  months,  broken  in  two.  Messrs.  Denny  now 
bought  the  hull  for  ;^i,85o,  raised  it  and  had  it  towed 
to  Dumbarton,  put  on  the  stocks,  and  lengthened.  Her 
fine  side  lever  engines  were  brought  to  our  department 
in  pieces,  and  a  terrible  condition  they  were  in  through 
rust.  We,  however,  cleaned,  polished,  re-erected,  and 
painted  them,  till  they  looked  as  good  as  new.  The  vessel 
was  treated  in  the  same  manner,  and  when  completed 
was  sold  under  the  name  of  "Waterloo,"  for  ;f 20,000, 
bringing  her  builders  a  net  profit  of,  it  was  said,  ;^io,ooo. 

Mr.  Campbell  afterwards  became  superintending- 
engineer  to  a  Steamboat   Company  at  Fleetwood,  and 
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Mr.  Rankin  only  recently  departed  this  life.  Two  better 
men  it  would  have  been  difficult  to  find.  Mr.  William 
Wallace  was  the  chief  draughtsman,  and  a  very  good  one 
he  made.  When,  however,  we  built  the  first  steamers, 
"  Canadian/'  "  Indian,"  etc.,  for  the  Allan  Line  in  Liver- 
pool, he  became  their  superintending  engineer,  and  has 
successfully  occupied  the  same  position  ever  since. 

The  rank  and  file  are  all  scattered,  many  of  them  are 
prospering  in  different  parts  of  the  world,  and  some  have 
found  a  resting-place  in  ocean  depths. 

There  was  one  among  them  I  must  refer  to,  however — 

hi$  name  was  James  A .     He  had  been  a  foreman 

in  Caird*s,  but  was  dismissed  for  drunkenness.  They 
had  given  him  another  trial  with  the  same  result,  and  he 
therefore  came  over  to  us  as  a  common  workman.  I 
have  never  seen  a  man  who  could  do  good  work  with 
greater  ease ;  he  was  indeed  a  splendid  hand,  and  as  his 
station  was  close  to  mine,  we  had  many  a  yarn  about 
things  in  general.  A  tall  handsome  fellow  he  was,  too, 
and  in  every  respect  but  one  most  pleasant  and  sensible. 

Retrospectively  glancing  through  the  vista  of  many 
years,  I  cannot  but  feel  thankful  that  wrought  steel  and 
cast  steel — those  abominations  for  hand  workers  in 
modem  practice — were  almost  unknown  at  that  time  in 
marine  establishments.  Had  it  been  otherwise,  I  really 
do  not  know  what  we  should  have  done,  or  how  we  could 
have  made  pleasant  progress,  with  such  refractory  metals 
to  operate  upon  as  are  now  constantly  employed  in 
general  engineering.  Wrought  iron  was  much  about  the 
same  as  it  is  at  present,  but  cast  iron  has  been  so  much 
improved  in  strength  by  scientific  treatment,  as  sometimes 
to  resist  almost  everything  but  machine  tools,  which  are 
consequently  more  useful  than  ever. 
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The  judicious  employment  of  various  metals  has  thus 
been  the  means  of  greatly  reducing  the  weight  of 
machinery,  and  this  in  itself  is  an  important  advantage 
for  shipowners  and  others.  We  may  only  add,  that  the 
training  apprentices  received  in  Denny's,  in  everything 
that  required  skilful  hand  labour,  was  of  such  a  nature  as 
to  prove  valuable  to  those  who  afterwards  went  to  foreign 
lands,  and  were  thus  cut  ofif  to  a  great  extent  from 
good  workmen,  and  from  high-class  appliances  of  every 
description,  which  is  a  great  deal  more  than  can  be  said 
of  workshop  practice  at  the  present  time. 
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CHAPTER  IV. 

GLASGOW    AND     OCEAN     STEAM     SHIPS. 

Dambarton  as  it  is  now— Neilson  &  Co.,  Glasgow — ^Tod  &  McGregor — 
S.S.  "  Bengal  '*  for  P.  and  O.  Company — First  Sunday  Steamer  on 
the  Clyde— River  Steamers  *'  Columba  "  and  '*  Lord  of  the  Isles  "— 
Great  Works  on  the  Clyde — Cunard  Atlantic  Ships  in  1850 — 
Mediterranean  Liners,  1852 — P.S.  *' Persia*' — Robert  Napier  & 
Sons — Compact  between  Cunard,  Bums  and  Maclver. 

I  LEFT  Dumbarton  in  1857  to  enter,  as  a  draughtsman, 
the  celebrated  establishment  of  Messrs.  Neilson  &  Co., 
Hyde  Park  Foundry,  Glasgow,  but  only  recently  had  a 
prolonged  opportunity  of  revisiting  the  old  and  well- 
remembered  scenes  of  early  days  on  the  banks  of  the 
Clyde.  One  day  I  paid  a  visit  to  the  little  town  I  knew 
so  well,  but  it  was  as  changed  to  me  as  Rip  van  Winkle's 
village  was  to  him  after  his  twenty  years'  sleep.  I  looked 
for  relics  of  bygone  days,  and  saw  only  a  few.  I  went  to 
my  old  works,  and  did  not  see  one  I  could  recognise,  but 
was  most  courteously  received  by  Mr.  Denny,  and  shewn 
through  the  present  splendid  establishment.  I  walked 
over  the  remains  of  the  past,  which  had  not  yet  been 
obliterated  by  modem  improvements,  and  thought  I  could 
see  again  the  well-remembered  faces  of  my  contempor- 
aries. But  it  was  only  fancy,  and  had  it  not  been  for 
those  around  me  I  should 

Have  felt  like  one 

Who  treads  alone 
Some  banquet-hall  deserted. 

Whose  lights  are  fled, 

Whose  garlands  dead, 
And  all  but  he  departed. 
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Having  carefully  surveyed  everything  I  saw  in  the 
shops  and  drawing  office,  I  must  give  Messrs.  Denny  & 
Co.,  great  credit  for  their  elegance  in  design,  and  also 
for  the  elaboration  and  carefulness  with  which  their 
drawings  are  executed ;  nor  must  I  omit  to  mention  the 
four  young  ladies,  whose  work  I  had  much  pleasure  in 
examining,  and  who  trace  those  drawings  so  admirably 
in  every  respect. 

Messrs.  Neilson  &  Co.  were,  in  my  time,  considered 
the  best  **  general "  engineering  people  in  Glasgow,  and 
made  marine,  locomotive,  pumping,  blowing,  &c.,  engines, 
and  a  variety  of  other  work.  They  had  such  a  large 
business  that  the  firm  eventually  removed  to  the  suburbs, 
where  they  built  a  very  extensive  and  carefully  arranged 
establishment,  and  devoted  their  whole  energies  to  rail- 
way engines,  large  numbers  of  which  were  sent  to  India 
and  other  foreign  parts. 

Tod  &  McGregor,  of  Clyde  Foundry,  Glasgow,  was 
another  celebrated  firm  I  had  the  honour  of  being  asso- 
ciated with.  After  a  very  long  and  successful  career, 
however,  they  closed  their  premises  a  few  years  ago — the 
Inman  S.S.  ''  City  of  Richmond  *'  being  their  last  ship. 
At  one  time  they  were  constantly  building  vessels  for  the 
Peninsular  and  Oriental  Company,  whose  last  paddle 
steamers,  the  *•  Ganges  '*  and  "  Singapore,"  were  built,  I 
think,  in  1852.  At  that  time  the  screw-propeller  was 
becoming  better  known,  the  above  Company,  therefore, 
gave  it  a  trial  by  requesting  Mr.  Tod  to  build  the  S.S. 
"  Bengal ''  for  them,  and  so  highly  pleased  were  they  with 
the  performance  of  this  ship,  that  paddles  were  discarded 
ever  after. 

Amongst  the  numerous  ships  which  followed  for  the 
same  Company,  was  the  "  Delhi,"   which  had  vertical 


CHAP.  IV.  AND  SOCIALLY  CONSIDERED.  43 

trunk  engines,  but  owing  to  the  Indian  Mutiny  atrocities 
at  this  period,  they  changed  her  name  to  "  Nemesis  *' — or 
the  "  Avenger."  The  Inman  Company  also  gave  them 
many  vessels  to  build,  having  in  nearly  every  case  Mr. 
Tod's  steeple  engines.  Their  machinery  was  elegantly 
designed:  light,  strong,  and  highly-finished  in  all  the 
parts  above  the  cylinders, — which  lay  at  the  bottom  of  the 
ship.  The  engine-room  had  also  abundance  of  natural 
light,  and  every  detail  was  easily  accessible  and  easily 
seen;  whilst  those  on  the  starting  platform,  or  on  the 
upper  deck,  could  take  in  at  a  glance  everything  around 
them.  With  many  other  firms  too,  these  engines  were 
very  popular,  for  paddle  as  well  as  for  screw  steamers  of 
all  sizes. 

Tod  &  McGregor  were  also  greatly  in  favour  with  the 
Egjrptians,  and  especially  with  the  Pasha,  for  whom 
they  built  several  beautiful  steamers  having  oscillating 
engines,  one  of  which— the  "  Faid  Rabani,"  or  "  Light  of 
Heaven,'* — was  fitted  up  as  a  steam  yacht  in  magnificent 
style,  and  at  a  cost  of  £10^000.  It  was  reported  that  on 
one  occasion  she  ran  upon  a  bank  in  the  Nile,  and  as 
they  could  not  well  get  her  off.  His  Imperial  Highness 
became  so  enraged  that  he  went  about  the  ship  des- 
troying the  costly  ornamental  work  with  his  own 
hand. 

Mr.  Tod  died  in  1859,  and  Mr.  McGregor,  of  the  ship- 
yard at  Partick,  six  weeks  afterwards.  Mr.  William  Tod, 
the  eldest  son,  now  assumed  the  management  of  the 
engineering  department,  and  I  entered  his  drawing-office 
in  i860.  This  gentleman  was  without  exception  the  most 
genial  and  kind-hearted  engineer  I  ever  knew  in  Scotland. 
He  was  highly  esteemed  by  all,  was  rich,  and  had  a  good 
business,  but  «  died  young,'*  and  this,  unhappily,  may  be 
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said  of  too  many  of  the  choicest  and  most  promising 
people  we  have  known  in  life. 

Anbther  Clyde  Foundry  worthy  was  Mr.  R.  F.  Pearce. 
the  business-manager,  and  formerly  of  Chester.  There 
are  people  we  sometimes  meet  who  have  an  unhappy 
talent  for  looking  on  the  dismal  side  of  everything,  either 
in  expectation  or  in  possession,  and  for  colouring  their 
surroundings  with  Payne's  grey  or  neutral  tint,  not  to 
mention  Indian  ink  or  lamp  black.  If  the  sun  shines,  or 
the  flowers  bloom,  or  the  health-giving  breezes  blow,  they 
think  they  are  for  others,  but  not  for  them,  and  all 
because  these  unfortunates  are  unable  to  extract  the  sting 
from  the  nettle, — the  bitter  from  the  sweet  in  life, — and 
either  do  not  know,  or  seem  to  forget,  that  the  world  in 
general  is  pretty  much  what  we  make  it  for  ourselves. 

There  are  others,  however,  who,  in  the  midst  of 
anxiety,  and  perhaps  trouble,  are  bright  and  happy, 
though  often  cast  down,  and  still  more  happy  when  the 
end  draws  near,  because  they  are  masters  of  the  art  of 
painting  their  thoughts  and  actions  with  liquid  sunshine, 
and  helping  to  tint  those  around  them  in  a  similar 
manner.  To  a  large  extent  Mr.  Pearce  was  one  of  the 
latter.  He  was  essentially  a  "happy  man  "—one  who 
never  seemed  to  feel  he  was  getting  older,  or  that  there 
was  any  care  and  anxiety  in  his  part  of  the  world  at  least. 
He  enjoyed  his  own  jokes  immensely,  and  much  liked 
sometimes  to  come  into  our  office  to  tell  some  funny 
story,  and  ask  kindly  for  all  of  us.  He  too,  I  regret  to 
say,  has  recently  departed,  but  with  me  the  memory  of 
those  two  good,  kind  friends,  will  be  ever  green. 

One  of  the  ancient  remains  of  the  Clyde  Foundry  is 
still  to  be  seen  on  that  river  in  the  shape  of  the  old 
paddle  steamer   "  Inverary  Castle.**    She  was  built  in 
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1839,  but,  during  the  interval,  has  had  at  one  time  a  new 
bow,  at  another  a  new  stern,  and,  after  that,  she  was 
lengthened.  When  I  had  the  pleasure  of  seeing  her  come 
into  Rothesay  some  years  ago,  with  her  saloon  filled  with 
flour  and  meal  bags  to  feed  the  Highlanders,  she  looked 
as  smart  and  youthful  as  if  only  a  few  years  of  age.  One 
of  her  crew  told  me  about  the  alterations  in  her  hull,  and 
emphaticaUy  added,  '*  Her  plates  were  very  tough,  sir." 

I  well  remember  the  advent  of  the  first  Sunday 
steamer,  **  Emperor,'*  on  the  Clyde,  in  1855,  and  also  the 
howl  that  ran  through  Glasgow  and  down  both  banks  of 
the  river  when  the  "  Sawbath  breaker  *'  made  her  appear- 
ance. The  "Nelson"  followed.  Her  owner,  however, 
was  excommunicated,  along  with  his  family,  from  their 
church ;  but  those  who  helped  to  do  this  did  not  think  it 
any  sin  to  put  their  own  vessels  on  the  slips,  to  clean, 
paint,  and  otherwise  titivate  on  the  Day  of  Rest. 

For  twelve  miles  below  Glasgow  the  Clyde  is  almost 
as  artificial  as  the  Suez  Canal,  and  during  the  early  part 
of  the  present  century  was  only  navigable  to  the  Broomie- 
law  during  spring  tides,  by  vessels  drawing  about  eight 
feet  of  water.  The  only  communication  between  the  city 
and  places  down  the  river  in  those  days  was  by  boats, 
and  a  story  of  the  period  is,  that  one  dark  or  foggy  night 
a  party  went  on  board  one  of  them  for  a  row  to  Greenock. 
They  started,  and  in  the  early  morning  one  of  the  oars- 
men cried  out,  "  Hey,  Jock,  here's  Dumbarton  Castle  I  '* 
"  Where  ?  "  said  his  friend  at  the  other  oar.  "  There," 
said  he,  pointing  to  what  on  closer  inspection  proved  to 
be  the  Broomielaw  after  all.  They  had  toiled  all  night, 
quite  forgetting  that  the  boat  was  moored  by  the  stem  I 

The  river  steamers  have  always  been  celebrated  for 
their  speed  and  beauty,  and  have  caused  as  much  rivalry 
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among  their  builders  and  engineers  as  if  they  had  been 
ocean  liners.  At  the  present  time  some  of  them  are  truly 
magnificent,  and  may  be  said  to  have  no  equals  in 
Europe.  Especially  is  this  the  case  with  the  •*  Columba" 
and  "  Lord  of  the  Isles."  The  former  goes  to  Ardishaig 
and  back  the  same  day,  or  a  distance  of  i8o  miles  in 
about  eleven  hours,  including  numerous  stoppages,  and 
the  latter  to  Inverary  and  back,  or  218  miles  in  thirteen 
hours.  It  is  interesting  to  contrast  these  vessels  with  the 
earliest  steamboat  '<  Comet,"  an  engraving  of  which  is 
annexed. 

The  ''Columba"  carries  the  mails,  and  is  316  feet 
long,  by  50  feet  broad  over  the  paddle  boxes,  her  draft 
being  nearly  6  feet.  The  deck  saloon,  which  runs  about 
three-fourths  of  her  length,  and  full  breadth  of  ship,  is 
elegantly  fitted  up  in  the  Pullman  car  style,  and  below 
this  is  the  dining  saloon,  where  140  can  sit  at  table  with 
as  much  comfort  and  style  as  in  a  first-class  hotel.  At  the 
post  office,  letters  and  telegrams  are  received,  and  money 
orders  paid.  There  is  also  a  hair  dressing  establishment, 
a  bathroom,  a  bookstall  and  fruit  stall,  a  cloakroom,  and 
two  circular  tables  for  writing  letters,  at  which  ladies  and 
gentlemen  are  so  constantly  engaged  during  the  season, 
that  I  am  afraid  the  description  I  have  given  has  now 
been  read  by  the  public  in  many  thousands  of  their 
epistles.  Besides  a  handsome  piano  at  the  end  of  the 
saloon,  they  are  otherwise  well  off  for  music,  as  there  is 
generally  a  good  instrumental  band  on  deck,  which 
greaty  adds  to  the  enjoyment  of  a  trip  which  only  costs 
six  shillings  for  the  whole  day. 

The  vessel,  externally  and  internally,  has  the  finish 
and  appearance  of  a  modern  Cunarder,  and  is  propelled 
by  a  pair  of  splendid  engines  at  a  speed  of  22  miles  an 
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hour.  The  "  Lord  of  the  Isles,**  on  her  run  to  Inverary, 
although  not  quite  so  large,  can  do  23  miles  in  the  same 
time.  The  following  weU-known  story  is  told  about  the 
Kyles  of  Bute,  through  which  these  steamers  pass  every 
day : — 

When  the  late  Mr.  Charles  Maclver  went  to  live  at 
Rothesay,  he  engaged  John  Taylor,  an  old  man-o*-war*s 
man,  as  pilot  for  his  steam  yacht.  The  first  time  Mr. 
Maclver  sailed  through  the  dangerous  "narrows,**  he 
said  to  his  Ancient  Mariner : 

"  Now,  are  you  sure  you  know  this  place  well  ?  '* 
'*  Know  it  ?  *'  said  John,  "  I  ken  every  rock  on  this 
coast,  from  Cape  Wrath  to  the  Mull  o'  Galloway — there's 
one  o*  them,**  he  cooUy  added,  as  the  ship  bumped 
against  a  sunken  reef,  apparently  in  proof  of  his  asser- 
tion. 

It  is  on  the  banks  of  the  river  where  the  great  exten- 
sions are  to  be  seen  that  have  taken  place  during  the  last 
twenty  years,  in   connection  with  the  engineering   and 
shipbuilding  establishments  for  which   the   Clyde  is  so 
famous.     The  largest  of  these  are  the  works  of  the  Fair- 
field Shipbuilding   and   Engineering  Company,  and  the 
Singer  Sewing  Machine   Co.,  which  have  been  already 
referred  to.    The  enclosed  ground  space  of  the  latter 
amounts  to  46  acres,   and    the   land    now  covered    by 
handsome  buildings  is  22  acres  in  extent.    Their  foundry 
alone  is  448  feet  long,  by  352  feet  wide,  while  the  other 
parts  of  the  works  corre3pond  to  this,  and  are  from  one 
to  four  stories  high,  giving,  on   the  whole,  a   handsome 
appearance  from  the  river.    To   drive  the  machinery, 
engines  of  1,600  and  boilers  of  2,000  horse  power  are 
required,  while  the  extent  of  railways  throughout   the 
factory  amoimts  to  i\  miles. 
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Amongst  the  numerous  steamships  built  on  the  Clyde 
in  early  years  were  the  Cunard  Atlantic  liners,  which  in 
1850  were  as  foUows : — 


Caledonia.. 

I 250 tons 

500  h-p. 

Niagara .. 

i8ootons 

700  h-p. 

Hibernia... 

1400   ,, 

550     n 

Europa . . . 

1800       IT 

700     m 

Cambria . . . 

1400   ,, 

550     n 

Asia  

2250   „ 

800      u 

America ... 

1800   ^ 

700     n 

Africa    ... 

2250   t, 

800       IT 

Canada  ... 

1800   t, 

700     „ 

All  the  above  were  paddle-wheel  vessels,  the  general 
length  of  the  six  largest  being  from  275  to  300  feet,  and 
beam  from  40  to  42  feet.  Their  steam  cylinders  were  90 
inches  in  diameter,  with  an  8  feet  stroke  of  piston  for  the 
700,  and  9  feet  for  those  of  800  horse-power,  while  the 
diameter  of  the  wheels  was  from  32  to  36  feet. 

In  1852,  the  Cunard  Company  established  steam  com- 
munication between  Liverpool  and  the  Mediterranean 
ports,  and  in  that  year  made  a  new  departure  of  great 
importance.  Previous  to  this,  their  fleet  consisted 
entirely  of  timber  built  ships  as  above ;  they  now, 
however,  gave  an  order  for  the  iron  screw  steamers 
"  Alps'*  and  "  Andes,"  to  Messrs.  Denny,  of  Dumbarton. 
Their  engines,  of  the  "  beam  "  description,  had  powerful 
spur  gearing,  to  increase  the  velocity  of  the  propeller, 
and  were  of  a  type  frequently  employed  in  those  days, 
but  which,  for  practical  reasons,  has  long  since  been 
abandoned.  Other  similar  vessels  followed,  and  on 
March  3rd,  1855,  the  iron  paddle  steamer  ''  Persia  "  was 
launched  from  Napier's. 

What  a  sensation  this  ship  caused  on  the  Clyde  while 
building  I  The  largest  vessel  hitherto  launched  on  that 
river  was  Tod  &  McGregor's  P.  and  O.  steamer  "  Simla," 
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of  a,6oo  tons,  and  600  horse  power;  but  here  was  a 
paddle  ship  of  the  unheard  of  size  of  3,500  tons,  and  900 
horse  power.  The  descriptions  given  in  the  newspapers, 
must,  I  think,  have  caused  every  young  engineer  to  wish 
he  was  in  the  Lancefield  Foundry,  helping  to  make  her 
truly  splendid  machinery.  Many  a  discussion  we  had 
about  her  in  Denny*s — indeed,  before  the  order  was 
settled,  the  general  hope  was  that  our  firm  might  have 
the  building  of  the  vessel,  since  we  had  a  reputation  good 
enough  for  anything.  As  our  erecting  shop,  however, 
was  not  quite  high  enough  in  the  roof,  and  the  cranes 
hardly  strong  enough  for  such  colossal  engines,  we  were 
content  to  let  Napier  get  the  contract. 

The  "  Persia's  "  length  over  all,  was  390  feet,  breadth 
over  paddle  boxes,  71  feet,  and  depth  32  feet.  Her  hull 
was  immensely  strong,  and  every  care  was  taken  to  make 
her  the  best,  safest,  and  quickest  ship  at  that  time  afloat. 
Mr.  David  Kirkaldy^  of  London,  who  was  then  in  the 
Lancefield  Works,  made  the  most  exquisitely  finished 
drawing,  in  many  views,  of  the  ship  and  engines,  that  had 
ever  been  seen,  and  was  the  first  of  its  kind  admitted  to 
the  Royal  Academy. 

When  Commodore  Judkins  was  in  command  of  this 
vessel,  a  passenger  one  day  found  fault  with  the  wine, 
and  added — 

Can't  you  give  us  something  better  ?  " 
No,  sir,**  said  the  Captain,  '*  it  is  the  best  I  have  in 
the  ship,  but  when  we  arrive  in  Liverpool  you  shall  come 
and  dine  with  me,  and  1*11  give  you  some  that  you  will 
like." 

The  '*  Persia  **  arrived  in  due  time,  so  also^  did  the 
banquet. 

'<  What  do  you  think  of  that  wine  ?  **  asked  the  host. 
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"  Splendid !  some  of  the  best  I  ever  tasted." 

'*  I  am  glad  you  like  it,  for  it  is  a  bottle  of  the  same 
quality  you  had  on  the  voyage !  " 

In  1862,  the  iron  paddle  steamer  ** Scotia'*  was  built 
by  the  same  firm  for  the  Cunard  Company,  She  was  of 
still  larger  dimensions  than  the  **  Persia,*'  but  as  it 
soon  became  fully  apparent  that  the  screw  was  the  best 
means  of  propulsion  for  ocean  navigation,  paddles  were 
henceforth  abolished.  In  1879  this  once  famous  ship  was 
sold  to  the  British  Telegraph  Construction  Company, 
who  substituted  compound  twin-screw  engines  for  the  old 
side  levers,  and  otherwise  altered  her  to  suit  their  own 
requirements. 

At  this  period  none  of  the  great  Engineering  people 
in  the  Clyde  district  attained  such  high  celebrity  as 
Robert  Napier.  This  was  attributable  to  two  main 
causes,  —  one  being  the  antiquity  of  his  establishment, 
and  the  other  the  excellence  of  the  work  he  turned  out, 
in  design,  material,  and  also  workmanship,  which  could 
not  be  surpassed.  From  the  time  that  Mr.  Napier 
obtained  the  engines  of  Junius  Smith's  steamer,  <*  British 
Queen,**  to  complete,  owing  to  the  failure  of  Claude 
Gird  wood  &  Co.,  her  first  contractors,  his  business 
increased  greatly,  and  a  most  important  event  in  his 
career  was  a  visit  he  received  from  Mr.  Cunard,  in  1839, 
relative  to  the  formation  of  the  British  and  North  Ameri- 
can Steamship  Company,  which  they  unitedly  had  the 
honour  of  originating. 

In  consultation  with  Mr.  Cunard,  who  had  purposely 
come  over  from  America  to  carry  out  a  scheme,  the  great 
results  of  which  he  clearly  foresaw,  Robert  Napier  deve- 
loped what  proved  to  be  the  best  arrangement  in  connec- 
tion with  the  first  four  ships  of  the  newly  created  line. 
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and  at  once  obtained  the  contract  for  their  engines,  while 
the  vessels  themselves  were  given  to  Mr.  Wood,  of  Port 
Glasgow,  to  build.  Long  previous  to  this,  however, 
Messrs.  Bums,  of  Glasgow,  and  Maclver,  of  Liverpool, 
who  had  been  running  coasting  steamers  for  several 
years,  amalgamated  their  undertakings  in  1830,  and  this 
firm  of  Bums  &  Maclver  was,  at  the  time  Mr.  Cunard 
came  to  England,  one  of  the  most  prosperous  shipping 
Companies  in  Great  Britain.  When,  therefore,  the  pro- 
posal to  form  a  great  Atlantic  steamship  organisation  was 
made  to  those  gentlemen  by  Mr.  Napier,  they  at  once 
agreed  to  it,  and  the  result  was  the  foundation  of  what 
ultimately  became  the  well-known  ***Cunard  Line." 

Sir  Samuel  Cunard  may  therefore  be  regarded  as  its 
originator,  and  now  that  so  many  years  have  rolled  away, 
it  may  only  be  added  that  his  enterprising  partners,  the 
Maclvers  and  the  Burnses,  have  proved  themselves  to  be 
amply  capable  of  sustaining  the  grave  responsibility  they 
then  assumed. 

Tod  &  McGregor,  who  in  later  years  were  considered 
the  wealthiest  engineers  in  Glasgow,  also  turned  out 
large  quantities  of  splendid  work,  but  amongst  their 
workmen  they  had  not  a  good  reputation,  as  so  much 
importance  was  attached  to  the  speedy  execution  of  a 
contract.  Mr.  William  Tod,  however,  rectified  this  in 
his  usual  happy  way.  On  the  other  hand,  Napier's  was 
not  only  a  very  steady,  but  a  very  comfortable  place  to  be 
in,  and,  so  far  as  I  could  learn,  men  were  never  found 
fault  with  for  taking  what  some  might  think  a  long  time 
to  what  they  did,  provided  it  was  of  the  very  highest 
character. 

This  system,  however,  occasionally  involved  Mr. 
Napier  in  heavy  loss.     For   instance,  the  first  of  the 
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ironclads,  or  "batteries/*  as  they  were  then  called,  proved 
a  financially  disappointing  business  for  him  as  the  builder, 
but  so  pleased  were  the  Government  with  the  way  in 
which  the  contract  had  been  carried  out,  that  they 
liberally  made  good  the  loss  which  had  been  sustained. 
At  other  times,  however,  he  was  not  so  fortunate. 

It  was  by  no  means  easy  for  visitors  to  get  inside 
either  the  Lancefield  or  the  Vulcan  Works  if  they  were 
known  to  be  engineers;  anyone  else,  however,  the  pro- 
prietors did  not  greatly  object  to.  Twice  did  I  try, 
though  unsuccessfully,  to  obtain  admission,  but  when  in 
later  years  I  could  send  in  my  card  as  a  "  Consulting 
engineer,**  I  was  courteously  received,  and  allowed  to 
inspect  everything.  For  their  kindness  I  now  thank 
them.  By  this  time,  however,  the  charm  was  broken,  as 
I  had  become  intimate  with  marine  engines  of  all 
descriptions  in  other  places. 

On  this  point,  Messrs.  Laird  Brothers  were  most 
generous,  and,  during  the  time  H.M.S.  **  Agincourt"  was 
building,  from  twenty  to  thirty  visitors  a  day  were  fre- 
quently allowed  to  go  through  the  establishment,  after 
signing  their  names  in  a  book,  and  giving  a  trifle  to  the 
Birkenhead  Infirmary*  One  can  hardly  think,  however, 
that  this  liberality  to  outsiders  was  purely  disinterested, 
because,  not  long  before,  the  "  Alabama  *'  had  left  their 
yard  on  a  secret  mission  organised  by  her  owners.  As  all 
the  world  knows,  her  career  called  forth  very  strong 
expressions  of  opinion  in  America  towards  the  British 
Government,  and  I  therefore  fancy  that  the  public  were 
freely  admitted,  so  that  all  might  see  for  themselves  that 
there  were  no  more  lurking  pirates  on  the  premises  to 
give  cause  for  international  quarrels. 
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TH£    BIRKENHEAD    IRONWORKS. 

Difference  between  Marine  and  Locomotive  establishments — Description  of 
the  Birkenhead  Iron  Works— The  Firm— The  Staff— Pupils  in 
Dmwing  Office— Billy  Taylor's  <* Unlucky''  Dinner— Fatal  Tea 
Pftrty  in  Chester — Troublesome  French  Pupil — Chief  Engineer  of 
H.M.S.  "Captain" — Foremen  and  Workmen  in  the  Birkenhead 
Iron  Works — Value  of  •*  old  hands  " — Foremen  in  Small  Works — 
The  **  General  Utility  *'  Engineer— H.M.S.  <*  Euphrates." 

The  only  establishment  on  the  banks  of  the  Mersey  to 
which  I  shall  refer  will  be  the  Birkenhead  Iron  Works, 
because  I  had  the  honour  of  being  on  the  stafF  for  many 
years,  and  therefore  can  speak  confidently  of  much  that 
I  was  intimately  acquainted  with.  The  number  of  men 
employed  amounted  to  about  4,000,  but,  a  few  years  ago, 
upwards  of  6,000  were  on  the  books,  and  considerable 
occupation  was  given  to  others  in  the  foundries  which 
supplied  the  firm  with  brass  and  iron  castings,  and  copper 
work,  and  also  in  the  great  forges  where  the  heavy 
wrought  iron  parts  were  made. 

In  this  respect  there  is  considerable  difference  between 
marine  and  locomotive  works,  the  former  giving  out  all 
their  heavy  forgings,  and  in  many  cases  all  their  castings, 
to  other  people,  as  it  is  more  economical  to  do  so  owing 
to  the  extreme  variations  in  size  that  exist  in  steamship 
engines.  The  railway  engineers,  on  the  other  hand,  have 
no  such  variations,  as  locomotives  do  not  alter  much 
either  in  dimensions  or  in  description ;  hence  they  make 
all  their  own  castings,  brass,  copper,  and  all  other  work. 
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and  are  thus  completely  self-contained  in  their  operations. 
Everything,  however,  in  the  way  of  plating,  as  in  boilers, 
tender  water  tanks,  side  frames,  etc.,  are  given  to  the 
rolling  mills. 

Besides  the  4,000  men  just  mentioned,  the  Birkenhead 
Ironworks  had  a  large  staff  of  able  foremen  and  experi- 
enced draughtsmen,  both  in  the  engineering  and  ship- 
building departments,  and  also  a  full  complement  of 
clerks  in  the  general  office.  I  cannot  say  how  long  some 
of  the  foremen  have  been  in  the  works,  but  I  know  that 
the  late  Tom  Williams,  of  the  ship  yard,  was  about  forty- 
five  years  on  the  premises,  and  some  of  the  others  also  for 
very  extensive  periods.  The  establishment  comprised  a 
pattern  shop ;  one  light,  and  two  heavy  turning  shops ; 
two  erecting  shops,  in  the  last  of  which  the  most  powerful 
engines  in  existence  could  have  been  fitted  up ;  a  boiler 
shed — which  has  recently  been  superseded  by  a  very 
spacious  and  admirably  arranged  new  building  outside 
the  works ;  an  extensive  smithy,  containing  several  steam 
hammers,  and  all  other  appliances  for  executing  ship  and 
engine  work  generally.  At  this  end  of  the  premises  were 
placed  a  large  joinery  and  cabinet-making  shop ;  also  a 
saw  mill,  with  complete  assortment  of  machines  for 
sawing,  planing,  mortising,  etc. 

Over  the  smithy  was  a  spacious  mould  loft,  where  the 
sections  and  plans  of  the  vessels  were  drawn  full-size  on 
a  black  floor,  so  that  the  greatest  accuracy  might  be 
ensured  in  their  construction  ;  and,  adjoining  this,  was  a 
drawing  office,  for  preparing  a  few  of  the  necessary  plans 
on  paper.  In  the  same  locality  were  to  be  found  the 
rigging  loft,  storerooms,  and  buildings  containing  the  ship 
constructing  plant,  including  plate  bending,  punching  and 
shearing,  planing,  drilling,  and  other  machinery. 
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At  the  other  end  of  the  works  stood  an  extensive 
building  containing  all  the  principal  offices,  keeper's 
roomsy  and  a  model  room,  which  contained  a  large 
collection  of  very  handsome  models*  and  oil  paintings  of 
ships  built  by  the  firm.  Next  to  this,  were  the  paddle- 
wheel  and  also  the  armour-plate  shops;  the  latter  of 
which  was  part  of  the  second  of  the  heavy  turneries 
referred  to,  and  contained  shafting  lathes,  planing,  dril- 
ling, screwing,  and  other  machines ;  also  a  most  powerful 
hydraulic  press,  for  bending  the  heavy  armour-plates 
cold. 

Lastly,  we  may  add  a  large  shed  full  of  shipbuilding 
appliances,  where  all  the  frames  or  ribs  of  the  vessels 
were  bent  to  shape  on  a  large  iron  face-plate.  The  erect- 
ing shops  were  swept  longitudinally  and  transversely  by 
very  powerful  overhead  travelling  cranes,  and,  the  larger 
of  the  two  had,  on  one  side,  a  few  valuable  machines, 
including  one  of  gigantic  size  for  planing  and  slotting 
work  of  the  heaviest  character,  also  a  lathe,  whose  face- 
plate was  15  feet  in  diameter,  and  bed  of  great  length.  As 
the  foundations  of  these  buildings  had  been  excavated  out 
of  the  solid  rock,  the  floors  were  beautifully  clean  com- 
pared with  others.  The  practice,  however,  adopted  at 
Woolwich  Arsenal  and  elsewhere,  is  a  good  one,  as  the 
floors  are  composed  of  hexagonal  pieces  of  wood  bedded 
in  the  ground  with  the  end  fibres  uppermost— as  in 
wood  pavements — which  makes  them  easy  to  keep  clean, 
and  in  other  respects  is  very  suitable. 

The  amount  of  medium  and  small  sized  gear  in  all 
engines  is  very  considerable.  This  is  sent  to  the  light 
turnery,  where  it  is  operated  upon  by  machines  and 
appliances  of  every  description  for  rapidly  executing  first- 
class  work.    Nowhere   is  this  more  observable  than   in 
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locomotive  and  machine  making  establishments ;  in  such 
places  the  visitor  will  see  quite  a  forest  of  belts,  shafts, 
pulleys,  etc.,  and  everything  arranged  in  the  most  sys- 
tematic order  to  suit  their  own  class  of  work,  and  facilitate 
every  operation  to  the  utmost. 

There  were  five  graving  docks,  two  of  which  were 
covered)  and  under  their  roofs  H.  M.  Ships  '*  Agincourt,*' 
"  Euphrates,"  •*  Captain,"  "  Vanguard,'*  and  other  vessels 
were  built,  while  another  was  used  as  a  fitting-up  basin 
for  ships  getting  in  their  machinery  and  masts,  previous 
to  being  taken  to  the  Birkenhead  docks  to  finish.  There 
were  also  six  building  slips,  which,  in  conjunction  with 
the  graving  docks,  had,  during  my  time,  sufficient  employ- 
ment to  keep  them  in  full  operation  for  many  years. 

The  heads  of  the  firm  were  very  good  in  giving  us 
most  spacious  and  handsome  offices,  and,  indeed,  every- 
thing that  tended  to  make  us  comfortable.  In  this 
respect,  however,  many  first-class  works  of  the  old  style 
are  very  deficient.  Sometimes  we  all  received  invita- 
tions to  a  grand  dinner,  which  latterly  was  given  in  the 
large  general  office.  The  first  banquet  I  had  the  honour 
of  attending  was  on  the  occasion  of  the  launch  of  H.M.S. 
"  Agincourt,*'  and  the  last  immediately  before  the  mar- 
riage of  the  senior  partner.  At  this  entertainment 
there  were  about  150  clerks,  draughtsmen,  foremen,  and 
visitors.  A  most  excellent  dinner  was  provided,  and 
afterwards  there  were  a  great  many  speeches,  one  of 
which  the  author  was  kindly  asked  to  contribute.  Some- 
how or  other  his  humble  efFort  gave  great  pleasure  to  the 
whole  company,  but  inasmuch  as  he  had  to  return 
thanks  for  *'  the  ladies,"  it  is  most  likely  the  subject  of  his 
remarks  was  the  cause  of  their  enthusiasm,  and,  in  that 
case,  it  shewed  their  good  taste. 
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The  manager  at  this  period,  contrasted  materially  in 
disposition  and  appearance  with  Mr.  R.  F.  Pearce,  of 
Tod  &  McGregor's,  as  the  former  was  sombre,  and  did 
not  say  much ;  while  the  latter  was  bright,  lively,  happy* 
Had  they  both  been  on  the  stage,  one  would  have  made  a 
splendid  heavy  tragedian,  and  the  other  an  equally 
admirable  light  comedian  of  the  Charles  Mathews  type. 
The  gentleman  I  am  referring  to,  however,  was  one  of 
the  best  managers  I  have  ever  known. 

He  was  kind  and  good  to  all,  and  had  a  quiet, 
pleasant  way  of  speaking  to  people,— even  when  things 
went  wrong, — that  did  him  great  credit.  He  never  hurried 
us  with  our  work,  unless  pushed  for  time ;  but  under  all 
circumstances  would  have  nothing  that  was  not  done  in 
the  very  best  style.  And  if  anything  were  wrongly  made — 
which  rarely  happened — through  an  error  in  the  draw- 
ings, he  would  point  it  out  to  the  draughtsman,  and 
mildly  say :  "  I  am  surprised  that  one  of  your  experience 
could  have  done  such  a  thing,  don't  let  it  occur  again." 
The  amount  of  time  spent  on  plans  he  supervised  was 
considered  of  little  value  compared  with  excellence  in 
design,  proportion,  and  arrangement.  This  was  specially 
the  case  when  the  drawings  for  a  new  type  of  engines  had 
to  be  worked  out,  involving  every  kind  of  alteration  as 
one's  ideas  became  developed  and  matured,  until  at  last 
perfection  was  arrived  at  as  nearly  as  possible  under  the 
circumstances. 

In  the  engineer's  office,  to  which  I  was  attached,  there 
were  at  least  twenty  draughtsmen  and  apprentices — 
English,  Irish,  Scotch,  American  and  Brazilian,  and,  as 
the  last  named  were  foreigners,  I  must  say  a  few  words 
about  them. 

Eugenio  Lopez  de  Gomensauro— whom  we  may  call 
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the  head  of  the  tribe— was  a  perfect  Adonis,  elegant  and 
refined  in  taste,  and  a  remarkably  pleasant  little  fellow 
besides.  He  was  very  steady  and  attentive,  had  appa- 
rently no  faults,  and,  so  far  as  we  knew,  no  vices.  He 
returned  to  his  country,  and,  although  possessed  of 
influence,  as  his  father  was  an  admiral,  I  believe  his 
expectations  were  not  quiU  realised. 

Next  in  order  came  Antonio  De  Silva,  a  mild  dis- 
positioned,  amiable  youth.  He  was  a  hard  student,  and 
took  care  to  read  the  best  and  newest  scientific  books. 
If  he  got  too  much  tracing  to  do,  he  would  go  off  for  a 
day  or  two  to  study  his  literature,  and  leave  his  work  to 
be  finished  by  others.  A  painstaking  gentleman  he  was 
in  what  he  liked,  and  what  he  did  not  care  for  he  tried  to 
avoid.  Just  before  he  left  the  works,  he  gave  a  party,  to 
which  we  were  all  invited,  but  as  two  of  us,  including 
myself,  were  absent,  we  were  asked  to  dine  with  him  at 
his  lodgings.  When  we  arrived  at  the  house,  he  received 
us  in  his  shirt  sleeves,  made  us  heartily  welcome,  and 
then  left  us  to  take  care  of  ourselves  for  a  time. 

It  turned  out  that  he  was  cooking  the  dinner  down- 
stairs !  but  came  up  now  and  then  to  see  how  we  were 
progressing.  At  last  the  feast  was  spread,  all  in  good 
order,  and  to  his  own  entire  satisfaction.  I  really  forget 
now  what  the  banquet  was  composed  of,  but  we  did  ample 
justice  to  the  good  things,  which  were  so  admirably 
cooked  and  so  liberally  provided,  and  altogether  we  spent 
a  most  pleasant  evening.  What  has  become  of  De  Silva 
I  do  not  know,  but  I  have  no  doubt  he  has  found  his 
culinary  attainments  very  useful  in  a  far-off  clime,  and  I 
also  hope  that  his  studies  have  been  remunerative  and 
pleasantly  profitable. 

Jos6  Ferreira,  another  of  the  tribe,  was  as  dark  com- 
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plexioned  as  if  he  had  lived  for  many  years  under  an 
African  sun.  He  was  a  merry  youth,  took  things  very 
easily,  and  seemed  to  make  the  study  of  engineering  a 
sort  of  el^ant  recreation.  He  used  to  place  his  drawing 
board  on  trestles,  and,  leaning  back  on  his  stool  against  a 
chest  of  drawers,  looked  the  very  picture  of  indolence 
and  good  humour  when,  with  tongue  lolling  out  of  his 
mouth,  he  idly  played  with  his  instruments,  and  made 
personal  remarks  upon  those  around  him,  with  whom  he 
was  much  amused.  Ferreira  also  went  home  to  Brazil, 
but  not  long  afterwards  revisited  his  old  establishment, 
and,  from  what  he  said,  it  appeared  as  if  the  world  had 
not  treated  him  as  kindly  as  he  wished. 

A  sad  event  happened  at  this  period  to  an  English 
pupil  named  Billy  Taylor,  who  was  then  amongst  us.  He 
was  a  fine,  amiable,  good  looking,  studious  boy,  one  who 
promised  well,  and  was  quite  a  general  favourite.  On 
one  occasion,  however,  thirteen  of  us,  including  Billy  and 
myself,  sat  down  to  dinner  in  a  Birkenhead  hotel,  quite 
well  and  hearty.  When  our  number  was  mentioned  to 
him,  he  made  some  slighting  remark,  such  as,  ''What 
did  he  care?  He  could  eat  his  dinner  just  as  well." 
Poor  fellow !  By  a  curious  coincidence,  within  a  fort- 
night we  had  the  melancholy  duty  of  laying  him  in  his 
g:rave. 

On  another  occasion  I  went  with  a  large  party  of 
ladies  and  gentlemen  to  Chester.  Under  Dean  How- 
son's  able  guidance  we  spent  fully  an  hour  in  rambling 
over  the  beautiful  cathedral,  then  had  a  walk  around  the 
ramparts,  and,  after  that,  tea.  Our  party  was  now 
divided,  and  it  was  again  discovered  that  the  table  I 
was  at  contained  thirteen.  Well,  I  didn't  care  a  single 
pin,  but  said  little.    One  of   the  gentlemen,  however, 
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following  on  Billy  Taylor's  lines,  made  a  frivolous 
remark  about  it,  and  lol  he  caught  cold  that  very 
evening  when  we  were  rowing  on  the  river,  and  in  three 
weeks  was  dead.  Still  more  remarkable  is  the  fact 
that  the  night  before  the  Liverpool  and  London  S.S. 
"Cheerful"  was  run  down  by  H.M.S.  "Hecla,"  in 
the  Bristol  Channel,  thirteen  people  left  the  former  at 
Plymouth;  the  satne  number  sat  down  to  tea,  and  thirteen 
were  drowned. 

There  are  a  few  superstitions  that  ignorant  people 
still  cling  to,  but  it  seems  astonishing,  in  our  time  of 
enlightenment  that  they  are  not  all  consigned  to  oblivion. 
I  cannot,  for  example,  bring  to  mind  a  single  instance  of 
a  ship's  keel  having  been  laid,  or  the  vessel  herself  being 
launched,  on  a  Friday ;  and,  so  far  as  the  shipping  adver- 
tisements are  concerned,  one  would  suppose  upon  reading 
them,  that  it  was  not  considered  proper  to  start  an  ocean 
liner  on  that  day.  In  some  cases,  however,  private  com- 
mercial reasons  may  be  the  cause  of  this.  There  is  a 
well  known  story  told  of  a  shipowner  who  said,  '*  He 
didn't  believe  in  any  such  rubbish,  and  would  expose  the 
fallacy  to  the  world."  In  proof  of  his  statements,  he  laid 
the  keel  of  one  of  his  ships  on  a  Friday,  launched  her  on 
a  Friday,  and  named  her  the  "  Friday."  She  began  her 
first  voyage  on  a  Friday,  but  from  that  time  to  the  pre- 
sent has  never  been  heard  of  1 

Some  of  our  drawing-office  pupils  were  studious  and 
persevering,  others  not  so.  A  few  seemed  to  consider 
engineering  as  a  kind  of  doubtful  amusement,  and  two  or 
three  of  these  gentlemen  retired  from  the  profession  when 
t^eir  apprenticeship  was  out,  and  tried  something  else. 
They  had  a  magnificent  school  of  practice  before  them, 
and,  if  they  had  only  availed  themselves  of  it  as  they 
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should  have  done,  might  have  become,  with  fair  opportu- 
nities, successful  engineers. 

In  this  respect,  foreigners  set  us  a  very  good  example. 
They  come  here,  pay  all  attention,  and  try  to  pick  up  as 
much  as  they  can  to  take  away  with  them.  From  this 
cause  alone,  a  Frenchman  in  Napier's  gave  a  great  deal 
of  trouble  to  the  firm*  He  had  been  in  some  Continental 
technical  school,  and  went  to  the  Lancefield  Works  to 
study  practice,  which  he  did  in  the  most  persistent  and 
audaciously  appropriating  style  I  ever  heard  of. 

This  youth  took  notes  of  everything  he  could  lay  his 
hands  on,  and  although  reprimanded  by  my  old  and 
esteemed  friend,  the  manager,  for  doing  so,  continued  to 
trace  and  copy  drawings  in  the  office  for  his  own  use — 
and  with  the  help  of  others  too.  He  was  sent  into  the 
works,  but,  when  there,  got  some  of  the  apprentices  to 
assist  him  in  making  figured  sketches,  and  also  in  taking 
down  the  names  of  the  makers  of  every  machine  in  the 
place,  despite  the  foreman's  remonstrances.  The  firm  at 
last  became  tired  of  him,  so  he  politely  departed  in 
accordance  with  their  wishes,  saying  at  the  same  time, 
"He  had  all  he  wanted."  It  may  be  mentioned,  how- 
ever, that  his  people  in  France  had  given  Mr.  Napier 
large  orders  for  ships  and  engines,  which,  of  course, 
covered  much  that  was  disagreeable. 

One  of  our  frequent  visitors  during  the  time  H.M.S* 
"Captain"  was  building  was  Mr.  George  Rock,  her 
appointed  chief  engineer.  He  was  *<  a  fellow  of  infinite 
jest,"  or,  as  Mark  Twain  would  have  said,  "full  of 
laugh,"  and,  as  he  was  far  on  in  years,  put  me  much  in 
mind  of  King  Cole,  for  he  was  just  as  merry.  His 
relations  had  advised  him  to  retire  from  the  Navy,  as  he 
had  been  long  enough  in  it,  but  he  preferred  staying  a 
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year  or  so  longer  in  the  service  so  that  his  pension  might 
be  increased. 

Not  long  aiterwards,  the  ship  sailed  on  her  last  cruise, 
taking  with  her  Captain  Cole,  R.N.,  the  inventor  of  the 
turret  system,  and  poor  George  Rock  also,  and,  during 
the  squall  on  that  eventful  night  in  the  Bay  of  Biscay, 
the  vessel  went  down  suddenly  and  drowned  nearly  all 
on  board,  including  the  two  gentlemen  I  have  named. 

The  foremen  and  workmen  in  Messrs.  Laird  Brothers' 
establishment  were,  so  far  as  I  could  judge,  similar  in 
character  to  those  I  knew  so  well  at  Denny's,  but, 
having  had  little  to  do  with  either,  I  cannot  say  much 
about  their  peculiarities.  Mr.  Young,  of  the  pattern 
shop,  and  Mr.  Barton,  of  the  erectors,  were  the  two  I  saw 
most  of,  however.  The  former  had  been  a  long  time 
in  Maudslay's,  and  was  a  very  fine  specimen  of  his  class, 
but,  being  somewhat  aged,  was  generally  called,  in  our 
office,  "  Old  Young."  In  Smiles*  "  Life  of  James  Na- 
smyth,'*  the  latter,  while  describing  those  associated  with 
him  in  the  Bridgewater  Foundry,  at  Patricroft,  refers 
most  kindly  and  interestingly  to  his  various  foremen,  who 
were  such  valuable  assistants. 

For  my  own  part,  I  look  upon  the  heads  of  depart- 
ments in  the  workshops,  much  in  the  same  light  as  the 
non-commissioned  officers  in  the  army.  They  have 
considerable  responsibility,  as  they  stand  between  the 
masters  and  the  men,  and  their  object  is  to  please  the 
former  by  getting  as  much  good  work  from  the  latter  as 
possible,  and,  at  the  same  time,  to  be  kind,  just,  and  not 
overbearing  to  them.  Some  foremen  are  very  disagree- 
able and  exacting,  and  cannot  keep  their  *' hands"  if 
they  can  get  employment  elsewhere,  as  they  dislike  such 
overseers  far  more  than  bad  masters,  because  they  are 
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alwa3^  among  them.  When  both,  however,  are  good, 
the  men  take  much  greater  interest  in  their  work,  and 
the  result  is  a  happy  state  of  things  all  round.  In  the 
establishments  of  some  large  employers  of  skilled  labour, 
this  has  been  pre-eminently  the  case. 

In  my  early  years,  foremen  had  more  to  do  in  one 
sense  than  they  have  now,  because  first-class  engineering 
firms  get  up  their  drawings  so  completely  in  every  respect 
that  the  men  work  to  them  implicitly,  whereas,  long  ago, 
a  great  many  little  details  were  left  out  of  the  plans  to 
save  trouble  and  expense  in  the  office,  and  thus  the 
foremen  had  often  to  use  their  own  discretion  in  giving 
the  necessary  instructions  to  turners,  fitters,  etc.,  which 
caused  considerable  loss  of  time.  There  are  other  ways 
in  which  careless  or  imperfect  working  drawings  are  per- 
nicious, but  this  will  be  referred  to  under  another  head. 

The  chiefs  of  the  executive  are  simply  good,  steady, 
reliable  workmen,  advanced  to  a  higher  position.  They 
have  little  or  nothing  to  do  with  science,  but  are  emi- 
nently practical  in  their  respective  branches,  and  are 
able  sometimes  to  give  valuable  advice  to  those  above 
them,  and,  however  accomplished  an  engineer  may  be, 
he  can  always  learn  something  to  his  advantage  in  con- 
ference with  these  workshop  lieutenants. 

A  thoroughly  organised  stafF  of  foremen  and  workmen 
is  of  the  utmost  importance,  as  their  complete  knowledge 
of  the  system  adopted  in  the  establishment  they  belong 
to  greatly  facilitates  the  execution  of  a  contract.  This  is 
fully  recognised  by  the  managers  and  partners  of  great 
firms,  who  often  take  orders  at  prices  which  will  yield  no 
profit,  simply  to  keep  the  men  together  and  the  works 
going  during  dull  times.  When  an  old  and  experienced 
proprietor  dies,  and  his  sons  succeed  to  the  business,  this 
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State  of  things  is  still  more  keenly  felt,  because  the  young 
men  are  thrown  upon  their  own  resources,  and,  unless 
they  have  used  their  time  well  in  getting  as  much  inform- 
ation as  possible,  will  find  themselves  entirely  in  the 
hands  of  their  assistants,  so  far  as  practical  and  scientific 
work  is  concerned. 

Many  of  the  great  engineers  of  the  past  superintended 
everything  personally  so  long  as  an  increasing  business 
would  allow  them.  Fairbairn,  for  example,  controlled  all 
his  owi^  departments  from  the  drawing  office  downwards ; 
and  led  such  an  active  life,  scheming  this,  and  planning 
that,  improving  his  details,  and  altering  his  arrangements 
of  machinery  to  suit  the  end  in  view,  that  his  great 
success  was,  we  might  say,  the  result  of  untiring  efforts, 
sound  and  extensive  knowledge,  and  great  administrative 
ability. 

When  young  engineers,  therefore,  take  up  the  reins  of 
government,  relinquished  by  their  fathers  who  have  won 
fame  for  themselves,  they  cannot  but  feel  that  they  are 
resting  upon  a  reputation  acquired  by  others  before 
them,  and  hence  will  be  seen  the  great  necessity  for 
keeping  the  **  old  hands  "  together,  who  know  so  well  the 
late  commander's  ideas  upon  all  those  points  which 
unitedly  and  individually  insured  success.  We  are  quite 
aware,  however,  that  with  but  little  practical  knowledge 
on  the  part  of  the  new  government,  the  works  may  never- 
theless be  admirably  conducted ;  but,  in  that  case,  they 
must  have  an  accomplished  manager  to  look  after  things, 
as  well  as  the  regular  stafif  already  mentioned,  who  will 
run  as  much  as  possible  upon  the  old  lines. 

The  same  reasoning  may  apply  more  or  less  to  all 
complicated  employments ;  but,  with  that  of  the  engineer, 
it  is  often  necessary  to  use  the  highest  skill,  in  order  to 
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avoid  great  errors  of  judgment  which,  if  acted  upon,  may 
produce  terrible  results.  In  proof  of  this,  we  have  only 
to  refer  to  some  of  the  great  disasters  of  the  last  twenty 
years,  and,  in  some  instances,  to  the  very  simple  causes 
which  created  them. 

In  large  works,  the  foremen  occupy  a  very  comfortable 
position,  are  well  paid,  and  have  permanent  employment, 
notwithstanding  the  changes  induced  by  dull  times. 
They  do  nothing  but  superintend  operations,  and  '<  go 
about,"  as  the  saying  is,  '*  like  gentlemen."  Mr.  Barton 
and  Mr.  Young  always  wore  dress  hats,  and  were, 
therefore,  the  swell  lieutenants  of  the  Birkenhead  Iron- 
works. The  former  supervised  the  erecting  shops,  and 
the  colossal  machinery  in  his  department,  but  had 
able  leading  hands  under  him  to  take  charge  of  each 
pair  of  engines,  and  see  that  everything  was  properly 
done. 

Mr.  Jones,  of  the  light  turners  and  fitters,  had  a 
forest  of  belts,  drums,  and  pullies,  to  clear  with  his  head. 
Mr.  Ashton,  of  the  boilermakers,  had  many  curiously 
curvilinear  comers  to  calculate,  consider,  contemplate, 
and  contend  against  in  his  part  of  the  premises ;  and 
Mr.  Williams,  of  the  ship  yard,  had  a  great  variety  of 
cantankerously  crooked  crannies  and  crevices  to  crawl 
and  creep  into.  These  gentlemen  were,  therefore,  obliged 
to  be  content  with  ordinary  felt  hats,  which,  in  their 
respective  cases,  suited  admirably.  They  all  had  their 
own  peculiarities  of  mind  and  manner.  Any  information, 
however,  you  wished  from  them  at  anytime,  was  kindly 
and  pleasantly  given,  and  everyone  I  have  named,  as  well 
as  the  others,  knew  exactly  what  had  to  be  done,  and 
how  to  do  it  to  perfection. 

In  small  factories  the  foremen  are  required  to  assist  in 
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many  ways,  and  are  for  this  reason  called  "working 
foremen.'*  In  a  Glasgow  establishment,  about  forty  years 
ago,  one  of  these  overseers  had  taken  on  a  "  new  hand," 
who  soon  afterwards  asked  for  a  file. 

•*  What  d'ye  want  a  file  for  ?  '*  asked  the  chief. 

"To  file  they  j'ints." 

<«  Weel,"  said  the  gaffer,  "  If  ye  canna  mak*  ^  j'int 
wi'oot  filin* " — that  is  to  say,  by  chipping — ^  ye're  no 
worth  a  big  big  D I  '*  This,  at  least,  is  the  euphemistic 
translation  of  the  speech,  in  conformity  with  the  require- 
ments of  modern  language. 

In  very  small  places,  a  foreman  may  be  anything  and 
everything  in  all  departments,  and  get  little  for  it  too. 
He  may  also  have  to  do  the  work  with  or  without  what 
we  call  "drawings" — a  chalk  sketch  on  a  board  or  bench, 
or  the  point  of  an  umbrella  trailed  over  the  dusty  floor  by 
the  master,  being  often  considered  sufficient  for  the  pur- 
pose. I  once  heard  of  an  establishment  of  this  descrip- 
tion at  Galashiels.  An  order  had  come  in  for  a  small 
engine,  and  the  proprietor  and  foreman  were  holding  a 
consultation  about  it. 

"  What  size  am  I  tae  mak'  the  seelinder  ?  "  asked  the 
gaffer. 

"  Oh,"  said  the  person  addressed,  "mak*  it  that  size," 
scribing  a  circle  round  him  on  the  floor  with  the  point 
of  his  boot. 

"  And  maister,  what  stroke  wull  I  gie  her  ?  " 

One  stride  over  the  "stour" — dust — and,  "Gie  her 
that,"  settled  the  preliminaries. 

This  engine  was  probably  of  the  horizontal  kind,  with 
a  steam  cylinder  eighteen  inches  diameter,  and  three  feet 
length  of  stroke ;  all  the  details,  such  as  piston  and  con- 
necting rods,    valve  gear,  etc.,    having  been  made  no 
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doubt  in  a  rough-and-ready  style  from  sketches  such  as 
we  have  mentioned. 

An  old  and  versatile  friend  of  mine  ultimately  pos- 
sessed a  small  establishment  of  his  own  in  Leith«  He  was 
highly  accomplished  in  every  sense,  and  combined  in 
person  all  the  appointments  belonging  to  such  establish- 
ments, as  he  occupied  the  posts  of  proprietor,  manager, 
draughtsman,  foreman,  cashier,  clerk,  and  bookkeeper. 
He  took  in  his  own  orders  and  saw  them  duly  executed, 
but,  in  spite  of  every  effort,  could  not  succeed  financially. 

The  engineers  in  the  Birkenhead  Ironworks  were 
steady  and  well-behaved,  and,  in  this  respect,  much 
the  same  as  those  in  similar  places.  The  shipbuilders 
also  conducted  themselves  satisfactorily  ;  at  least,  during 
my  stay  of  nearly  nine  years  in  their  midst,  I  never  heard 
of  them  acting  indiscreetly  at  any  time,  which  was  cer- 
tainly very  creditable  to  all  concerned,  and  especially 
so  when  the  same  class  of  workmen  have,  within  a 
recent  period,  given  much  trouble  elsewhere  by  their 
conduct 

There  were  many  accidents,  fatal  and  otherwise,  in 
the  shipyard  during  my  time.  This  I  attribute  to  the 
dangers  incidental  to  shipbuilding,  such  as  falling  into 
dry  docks,  stepping  on  to  planks  not  properly  fixed,  and 
sinking  through  holes  in  the  decks  which  should  have 
been  well  covered  over,  and  so  on ;  as  a  class,  however, 
they  are,  from  some  cause  or  other,  too  often  very  care- 
less. To  give  an  example.  One  evening  when  H.M.S. 
"Euphrates"  was  lying  in  the  fitting-up  basin,  having 
her  engines  put  in,  I  went  along  one  side  of  the  main 
deck  to  the  engine  room,  but  returned  by  the  opposite 
ade.  In  doing  this,  however,  in  semi-darkness  I  fell 
through  a  small  open  hatchway,  which  had  been  left 
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uncovered,  and  came  down  so  heavily  upon  the  wooden 
coaming,  that  I  thought  some  of  my  ribs  were  broken. 

Fortunately,  however,  they  were  not,  but  had  it  not 
been  for  a  ladder  which  providentially  caught  my  feet, 
and  prevented  me  from  falling  into  the  hold,  the  con- 
sequences might  have  been  as  serious  as  they  had  been 
for  others.  In  about  three  da3r8  I  was  quite  well  again, 
but  have  good  reason  ever  to  remember  that  ship,  which 
it  may  only  be  added,  is  considered  by  some  people  the 
finest  of  the  five  similar  transports  built  at  that  time  by 
different  firms  for  the  Indian  transport  service.  This, 
however,  was  only  a  natural  result  of  the  carefulness  in 
design,  selection  of  material,  and  of  every  little  detail  in 
ship  and  engines,  from  first  to  last,  which  characterised 
all  the  productions  of  Messrs.  Laird. 

The  general  arrangement  of  engineering  and  ship- 
building works  depends  greatly  upon  the  extent  and  con- 
figuration of  the  land  they  occupy*  but,  in  any  case,  the 
fixed  and  movable  plant  and  other  details  do  not  vary 
much.  From  the  brief  description  already  given  of  the 
constructive  machinery  in  the  famous  Birkenhead  estab- 
lishment, a  very  fair  idea  may  be  formed  of  the  interiors 
of  all  other  places  of  similar  magnitude.  The  character 
of  the  men  of  all  ranks  who  conduct  operations  only 
seems  to  follow  the  natural  law  of  improvement  by  kind 
treatment  from  their  superiors.  Those,  however — men- 
tioned in  this  chapter — ^with  whom  I  was  so  long  and  so 
pleasantly  associated,  may  be  considered  excellent  speci- 
mens of  the  people  who  successfully  conduct  some  of  the 
most  important  undertakings  of  modern  times. 
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CHAPTER  VL 

APPRENTICES. 

Diflerent  kinds  of  Apprentices — How  they  get  into  Works — Premiumed 
Papils  in  England  —  The  Clyde  System  —  Origin  of  Premium 
System — Mandslay's  objections  to  Papils— James  Nasmyth  in  early 
days  —  Hb  troublesome  Youths  at  Patricroft  —  The  use  of  Idle 
Apprentices— "Marine  Works'*— *•  General  Works "  —  "  Special 
Works  ** — Cause  of  false  steps  in  entering  the  profession — Lives  of 
the  great  Engineers — History  of  Harland  and  Wolff— Workshop 
Practice,  past  and  present— Prospects  of  Engineers  at  home  and 
abroad — **  Repairing  Works  *' — Tools  and  Instruments  for  Pattem- 
Shop  and  Drawing  Office — Working  Dress. 

I  HAVE  known  very  many  apprenticeSi  good,  bad,  and 
indifferent,  premiumed  and  free,  in  works  and  offices, 
some  of  whom  no  doubt  hoped  to  occupy  important 
positions  in  after  life,  although  they  had  a  strange  way  of 
qualifying  themselves  for  such  appointments.  A  few  of 
those  who  paid  entrance  fees  seemed  to  have  a  high 
opinion  of  the  efficacy  of  their  father's  gold,  and  also  a 
strong  belief  that  the  prestige  of  the  great  firm  they  were 
with  would  make  their  path  to  distinction  smooth  and 
easy.  This  was  very  complimentary,  no  doubt,  both  to 
the  parents  and  to  the  eminent  firm,  but  any  earnest 
efforts  on  their  own  part  to  benefit  by  surrounding 
advantages  seemed  to  be  quite  a  secondary  affair.  The 
following  sketch  may  help  to  illustrate  the  characteristics 
of  one  of  these  pupils. 

Charles  Hardinge  is  a  youth  of  sixteen,  just  leaving 
school, — he  has  one  brother  in  the  army  and  another  in 
the  navy;  his  father  is  a  barrister;  and  he  has  also  an 


72  ENGINEERING,  POPULARLY  chap.  vi. 

uncle  in  London,  who  is  a  rich  merchant.  This  gentle- 
man considers  the  advancement  and  pay  of  the  officers  in 
both  services  very  unsatisfactory,  but  hearing  from  others 
that  engineering  is  a  *'good  profession/'  he  fancies  it 
would  do  for  his  nephew,  and  accordingly  tells  his  brother 
so,  adding,  at  the  same  time,  "  that  it  is  often  very  diffi- 
cult to  know  what  to  do  with  a  youth,  and  Charley 
doesn't  seem  to  have  made  up  his  mind  on  any  subject.*' 

Application  is  now  made  to  several  well  known  firms 
for  his  admission  as  a  pupil.  They  all  say  *'  they  have 
not  a  single  vacancy  at  present,  and  may  not  have  one 
for  some  time  to  come."  A  firm  is  at  last  discovered, 
however,  who  promise  to  do  what  they  can  ;  and,  in  about 
six  months  afterwards,  Mr.  Hardinge,  upon  payment  of  a 
handsome  premium,  has  his  son  fairly  installed  in  a 
celebrated  locomotive  establishment.  His  mother,  who 
comes  to  see  him  settled,  boards  him  with  a  suitable 
family  in  a  good  locality,  and  leaves  the  youth  to  take 
care  of  himself.  As  he  lives  so  far  away  from  the  works, 
he  soon  finds  out  that  the  half-hour  allowed  for  breakfast 
is  too  little  to  enable  him  to  return  in  time.  The  firm  is, 
therefore,  appealed  to ;  they  are  asked  to  let  him  come  at 
nine  instead  of  six  in  the  morning,  as  <*  he  is  not  strong." 
They  say  "it  is  against  their  rules  to  do  so," — "sets  a 
bad  example," — and  so  on,  but  eventually  the  point  is 
conceded. 

This  shortening  of  the  ordinary  hours  interferes  seri- 
ously in  course  of  time  with  steady  work ;  but  the  kind 
foreman  treats  him  as  a  "young  gentleman,"  and  gives 
him  plenty  of  sihiple  employment  which  there  is  no 
hurry  for,  such  as  cutting  quantities  of  stud  bolts  to  a 
certain  length,  or  polishing  hand  rails  and  other  things. 
If  he  is  occasionally  "  ill,"  as  he  says,  and  ofif  duty,  the 
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foreman  makes  few  remarks,  but  takes  care  that  all  the 
really  good  practice  he  might  have  had  is  given  to 
others  with  more  robust  constitutions,  and  of  more 
regular  attendance. 

When  he  gets  into  the  drawing  office,  he  comes  in  for 
a  vast  amount  of  tracing,  because  he  cannot  do  anything 
else ;  and  has  even  to  learn  the  simplest  rudiments  of 
drawing  and  the  use  of  his  instruments,  which  he  ought 
to  have  known  well  long  before.  Every  one  likes  him,  as 
he  is  a  fine,  gentlemanly  youth — ^amiable  and  humorous 
also.  He  writes  very  many  letters  in  office  hours,  and 
larks  about  in  great  style,  to  the  annoyance  of  the 
draughtsmen  who  have  serious  work  in  hand,  but  to  his 
own  amusement.  Becoming  in  time  a  goodish  tracer,  he 
is  promoted ;  that  is  to  say,  he  now  copies  drawings 
and  makes  details,  with  the  help  of  those  around  him, 
from  other  similar  details,  refreshing  himself  at  frequent 
intervals  with  a  few  holidays ;  but,  the  manager  is  con- 
siderate, or,  perhaps,  has  long  since  discovered  that  it 
is  *'  no  use  sa3ring  anything  to  that  fellow.'* 

At  last  his  apprenticeship  expires,  but,  as  he  has  not 
taken  any  real,  practical,  foresighted  interest  in  his  work, 
and  has  looked  upon  home  study  as  a  myth,  he  finds  in  a 
short  time  that  his  services  are  no  longer  required,  and 
leaves  with  a  certificate  which  states,  that  "  he  has  served 
a  five  years'  apprenticeship  with  us,  and  has  been  in  our 
employ  as  a  draughtsman  for  six  months.*' 

If  they  can  manage  to  squeeze  in  something  about 
being  "  steady  and  attentive,  and  conducted  himself  to 
our  entire  satisfaction,"  they  may  do  so  on  his  father's 
account ;  but,  most  likely  they  will  not,  as  first-class  firms 
are  very  particular  on  this  point,  and  sometimes  say  too 
little.    The  name  of  the  great  people  he  has  left  gives 
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young  Hardinge  a  good  standing,  but  such  appointments 
as  he  wishes  cannot  be  obtained;  so  after  waiting  a 
considerable  time  in  the  hope  of  *' something  suitable 
turning  up,"  he  enters  the  drawing  office  of  a  locomotive 
and  machine  making  establishment  as  junior  draughts- 
man, at,  say,  thirty  shillings  a  week,  and  here  we  shall 
leave  him  for  the  present. 

Apprentices  in  the  works  are  of  a  very  miscellaneous 
description,  and  comprise  the  sons  of  noblemen,  pro- 
fessional men  of  all  ranks,  commercial,  and  manufactur- 
ing people,  tradesmen  and  workmen ;  and  th^varieties 
of  character  are  perhaps  as  comprehensive.  Some  are 
industrious,  and  some  are  not ;  some  are  well  bred,  and 
others  are  the  reverse;  some  are  enterprising  and  per- 
severing in  lines  of  thought  and  action  too  numerous  to 
mention;  some  are  witty,  and  others  dull.  In  short, 
every  class  of  society,  and  every  shade  of  morals  and 
disposition  —  the  good  and  the  worthless  —  are  to  be 
found  among  the  youths  of  a  great  engineering  establish- 
ment. 

They  obtain  admission  in  three  ways:  firstly,  by 
influence;  secondly,  by  money;  and,  lastly,  by  both. 
The  first  system  is,  I  believe,  exclusively  adopted  now  in 
Scotland,  and  the  two  latter  seem  to  be  largely  used  in 
England,  thus  forming  what  we  may  call  two  distinct 
systems, — the  premiumed  and  the  free, — ^whose  operations 
I  shall  endeavour  to  describe.  In  works  on  the  Clyde, 
even  of  the  highest  celebrity,  no  premium  is  taken,  and  a 
boy  gets  into  them  because  his  father,  or  uncle,  or  some 
other  relative  or  friend  has  given  the  firm  orders  for 
ships,  engines,  or  machinery  of  any  kind.  Perhaps  they 
have  been  otherwise  useful,  or  may  indeed  from  pure 
friendship,  have  a  sort  of  claim  upon  the  kind  assistance 
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of  Messrs.   So-and-So,  who  in  cases  of  this  kind  will 
gladly  do  all  they  can. 

Some  engineers  have  so  many  friends  of  this  descrip- 
tion, that  it  is  extremely  difficult  to  find  an  opening  in 
their  works  or  offices;  and,  as  frequently  happens  in 
other  pursuits,  a  long  period  may  elapse  between  the 
application  and  admission..  On  the  other  hand, — and  as 
I  found  it, — the  latter  may  quickly  and  unexpectedly 
follow  the  former;  at  any  rate,  you  must  take  your 
chance,  and  this  applies  even  to  places  where  premiums 
are  accepted.    Both  systems,  however,  are  defective. 

In  the  first  instance,  a  premium  is  paid  as  an  entrance 
fee,  and  also  to  enable  the  pupil  to  obtain  certain  advan- 
tages which  those  who  do  not  pay  are  not  expected  to 
possess.  This,  everyone  must  allow,  is  very  fair;  but, 
unfortunately,  it  opens  out  a  serious  evil  that  I  have  seen 
and  known,  which  is  injurious  to  the  boy,  and  bad  for 
every  one  concerned.  When  the  young  gentleman  thus 
b^[in8  his  career,  he  is  frequently  treated  too  indulgently, 
or  at  least  not  kept  sufficiently  in  check.  He  may  work, 
or  be  idle ;  he  may  be  steady,  or  the  reverse ;  and  may, 
indeed,  be  a  source  of  great  annoyance  to  foremen  and 
leading  hands,  if  they  are  occupied  with  important  work 
upon  which  no  time  must  be  lost.  And  all  this  arises 
because  a  handsome  premium  has  been  paid,  which 
imposes  too  many  restrictions  on  one  side,  and  gives  too 
much  liberty  on  the  other. 

I  fancy,  however,  that  engineering  firms  may  some- 
times consider  it  the  best  policy  to  say  as  little  as  possible 
about  the  vagaries  of  their  apprentices,  lest  they  may 
offend  good  clients,  who  might  perhaps  transfer  their 
favours  to  other  quarters,  and  thus  it  may  often  be  safer  to 
bear  the  ills  they  know,  than  fly  to  those  they  know  not  of. 
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Well  do  I  remember  a  pupil  who  came  to  the  ship 
drawing  office  of  the  Birkenhead  Iron  Works  in  my  time. 
His  father  was  a  very  celebrated  marine  engineer  in 
London,  who  had  won  his  way  to  fame  and  fortune  by  his 
own  merits,  and  wished  his  son  to  have  a  good  oppor- 
tunity  of  learning  shipbuilding  amongst  people  with  whom 
he  was  intimately  acquainted.  This  youth  evinced  from 
the  first  a  sort  of  aristocratic  dislike  to  labour,  and  his 
amusements  were  of  a  diversified  character,  one  of  which 
was,  I  believe,  to  sit  at  times  upon  the  entrance  rails  of 
the  general  office  and  admire  the  clerks,  or  note  those 
who  came  in  or  went  out.  On  one  occasion,  a  partner  of 
the  firm  came  upon  him  suddenly  in  this  attitude,  and 
was  at  once  saluted  in  a  sprightly,  off-hand,  friendly 
style,  with — 

"  Well,  Henry,  are  you  coming  out  to  hunt  to-day  ?  " 

They  did  not  send  the  youth  off  quite,  but  we  heard 
that  a  polite  letter  had  been  written,  asking  his  father  to 
take  him  away.  What  happened  behind  the  scenes  I  am 
unable  to  say,  but  soon  afterwards  the  young  gentleman 
departed.  In  another  sphere  of  usefulness,  however,  he 
developed  latent  talent,  and  eventually  became  a  partner 
in  his  father's  firm. 

Having  briefly  described  what  may  be  termed  the 
English  side  of  the  apprentice  question,  I  shall  now 
endeavour  to  treat  that  of  the  Scotch  in  a  similar  manner. 
In  doing  this,  however,  I  think  I  am  correct  in  stating 
that,  at  the  present  time,  none  of  the  engineers  m  the 
Clyde  district  take  premiums,  although  in  earlier  days 
some  of  them  did  so ;  but  there  is  reason  to  believe  that 
this  habit  entailed  upon  them  so  much  unpleasantness 
and  loss,  that  it  was  ultimately  abolished.  They  now 
virtually  say  to  intending  pupils,  **  We'll  take  you  if  we 
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can,  and  not  charge  anything  for  doing  so,  but  you  will 
have  to  work  steadily  and  attentively,  keep  good  hours, 
and  behave  yourselves,  as  you  should  do,  or  we  shall  have 
to  part  with  you." 

So  fully  was  this  principle  recognised  and  acted  upon, 
that  its  results  were  highly  beneficial,  at  least  to  those 
apprentices  I  was  associated  with  in  Denny's,  Neilson's, 
and  Tod  &  McGregor's.  In  Denny's,  for  example,  where 
I  knew  them  best,  they  had  an  excellent  character  for 
steadiness  and  good  conduct  generally.  They  rarely  lost 
even  a  quarter  of  an  hour  at  6  a.m. ;  they  attended  to 
their  duties,  and  were  hardly  ever  away  except  on  special 
occasions,  for  which  they  obtained  leave.  We  were  a 
very  healthy  race,  too,  and  seldom  lost  time  from  indis- 
position of  any  kind.  We  were  a  merry  lot  also,  and  got 
along  pleasantly  and  happily,  and  some  of  us  have  done 
well  in  various  parts  of  the  world. 

Looking,  then,  through  the  vista  of  many  years  which 
lies  between  the  time  I  am  now  writing  about  and  the 
present,  I  have  every  reason  to  speak  favourably  of  those 
who  were  my  contemporaries  when  an  apprentice.  This, 
however,  I  attribute  in  a  great  degree  to  the  excellent 
system  adopted  in  the  establishment,  which,  however,  has 
recently  been  much  improved  in  various  ways.  As  an 
example  of  wonderful  steadiness  in  a  young  engineer,  it 
may  be  added  that  a  well  known,  highly  esteemed,  and 
most  prosperous  shipowner  in  Liverpool  was  never  once 
hte  during  the  whole  of  a  five  years'  apprenticeship. 

Napier's  was  a  favourite  place  in  those  days,  and  very 
comfortable  for  good  men  in  all  departments,  but  they 
had  the  character  of  being  very  strict  with  their  pupils, 
some  of  whom  were  dismissed  because  they  did  not  attend 
properly,  or  were    otherwise  careless.     The   foreman's 
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authority  in  this,  as  in  all  other  similar  establishments, 
was  supreme,  as  it  is  not  considered  etiquette  for  masters 
or  managers  to  interfere  with,  or  give  directions  to,  men 
or  boys.  Turners,  fitters,  etc.,  were  discharged  at  a 
week's  notice,  or  received  instant  dismissal  on  the  fore- 
man's own  responsibility,  for  misconduct,  and  although 
in  some  places  an  apprentice  could  have  been  easily 
enough  sent  away  for  a  time,  they  were  not  dismissed 
before  a  statement  of  the  grievance  had  been  made  to 
the  manager  or  principal,  and  a  conference  held  as  to 
what  should  be  done.  In  practice  this  system  worked 
admirably,  and  caused  remarkable  steadiness  among 
those  who,  in  after  years,  no  doubt  realised  its  advan- 
tages. 

From  what  has  been  said,  therefore,  on  this  subject, 
the  whole  question  may  appear  simple  enough.  In  other 
words,  you  may  pay  for  your  son*s  admission  to  a 
Work,  and,  if  an  idler,  he  may  do  what  he  pleases,  and 
at  the  end  of  five  years  have  only  a  general  sort  of 
smattering — a  very  superficial  knowledge  indeed — of  that 
valuable  practical  branch  of  the  profession  he  will 
never  again  have  such  an  opportunity  of  acquiring.  On 
the  other  hand,  get  him  in  without  a  premium  if  you 
can,  and  he  will  either  have  to  do  what  he  is  told  or 
go  elsewhere.  In  many  cases  this  is  certainly  the 
best  plan,  but  there  is  another  aspect  of  the  question 
which  is  complicating,  and  which  will  be  referred  to  * 
further  on* 

The  premium  system,  in  its  application  to  good 
marine  establishments,  is,  to  some  extent,  unnecessary, 
unless  it  provides  for  ample  practice  in  the  drawing  office. 
Its  legitimate  objects  are,  however,  too  often  neutralised 
by  the  conduct  of  those  upon  whom   it   is  intended  to 
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confer  benefits,  and  to  confirm  my  own  ideas  on  the 
subject,  I  may  add  those  of  others  well  qualified  to 
judge. 

The  system  originated,  no  doubt,  in  the  persistent 
efforts  of  those  who  had  means,  to  get  their  sons  into 
engineers'  offices  and  works  in  earlier  days  at  any  cost. 
They  offered  handsome  fees,  and  were  in  some  instances 
additionally  supported  in  their  applications  for  admission 
by  powerful  private  influence.  On  the  other  hand,  engi- 
neers themselves  were  so  overwhelmed  by  the  number  of 
these  applications,  that  they  were  compelled  to  ask  high 
premiums,  and  thus  probably  Brunei's,  and  others'  since 
his  time,  ran  as  high  as  ;^i,ooo.  At  present,  however, 
the  sum  generally  required  by  great  firms  in  England  is 
;^ioo  a  year,  when  sufficient  influence  is  not  forthcoming 
to  enable  them  to  take  the  youth  without  payment. 

In  1829,  a  Mr.  Nasymth  of  Edinburgh,  started  from 
Leith  in  a  sailing  smack,  and  after  a  four  days'  voyage 
arrived  in  London.  He  took  his  son  with  him  in  the  hope 
that  after  an  interview  with  Mr.  Maudslay,  whom  he  had 
previously  known,  he  might  succeed  in  getting  the  youth 
installed  in  his  celebrated  establishment.  Mr.  Nasmyth 
could  not  pay  for  his  son's  admission,  and  although  he 
knew  that  Maudslay  and  Field  had  ceased  to  take  pupils, 
he  nevertheless  made  the  attempt. 

They  were  both  received  most  kindly,  and  upon  the 
elder  Nasmyth  explaining  the  object  of  their  visit,  Mr. 
Maudslay  replied, ''  I  must  frankly  confess  to  you,  that  my 
experience  of  pupil  apprentices  has  been  so  unsatisfactory 
that  my  partner  and  myself  have  resolved  not  to  take  any 
more  of  them,  no  matter  at  what  premium,"  and  the 
reason  was,  as  he  said,  '*  because  they  gave  the  firm 
80  much  annoyance  by  irregular  attendance,  —  setting 
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a  bad  example  to  others,  —  and,  on  the  whole,  being 
such  disturbing  elements  in  the  work  of  the  establish- 
ment.'* 

A  ramble  through  the  works  was  now  proposed,  to 
enable  the  visitors  to  see  the  fine  machinery  they  con- 
tained, and  upon  observing  the  beautiful  engines  which 
drove  it,  young  Nasmyth  was  so  delighted  that  he  begged 
for  employment  in  any  capacity,  which  rather  surprised 
Mr.  Maudslay,  who  said  to  him,  *'  So  you  are  one  of  tluA 
sort,  are  you?  Bring  your  drawings  and  models  to- 
morrow at  noon,  and  ]et  me  see  them."  This  was  accord- 
ingly done,  and  so  astonished  was  the  great  engineer  with 
the  ingenuity  and  skill  displayed  in  these  productions, 
that  he  at  once  decided  that  the  boy  should  have  a  week 
to  himself,  to  enable  him  to  see  as  much  as  he  could  of 
London,  and  then  be  employed  as  an  assistant  in  his 
private  and  admirably  arranged  workshop  and  office,  in 
which  he  remained  for  several  years. 

This  youth  became  in  time  the  celebrated  James 
Nasmyth  of  Patricroft  Foundry,  whose  reputation  was 
little,  if  at  all,  inferior  to  Fairbaim's,  and  his  own 
experience  of  pupils  may  be  thus  given.  *<  We  had  a  few 
apprentices  who  paid  premiums, — in  some  cases  we  could 
not  well  refuse  to  take  them, — and  yet  they  caused  a  great 
deal  of  annoyance  and  disturbance.  They  were  unsteady 
in  their  attendance,  and  consequently  could  not  be 
depended  upon  for  the  ordinary  operations  of  the  foundry. 
They  were  also  careless  in  their  work,  and  set  a  bad 
example  to  the  unbound.  We  endeavoured  to  check  this 
by  agreeing  that  the  premium  should  be  payable  in  six 
months'  portions,  and  that  each  party  should  be  free  to 
terminate  the  connection  at  the  end  of  each  succeeding 
six  months,  or  at  a  month's  notice  from  any  time.     By 
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this  means  we  secured  better  conduct  on  the  part  of  the 
apprentices." 

Slavish,  or  even  constant  labour  of  any  kind  is  not 
desirable.  We  are  all  the  better  for  a  little  amusement, 
and  a  hearty  laugh  does  us  quite  as  much  good  now  as  it 
did  to  those  who  attended  banquets  in  the  time  of  the 
jesters,  or  even  as  it  sometimes  does  among  the  barristers 
in  our  law  courts,  but  there  is  a  very  great  difference 
indeed  between  this  legitimate  relaxation  and  the  con- 
tinuous hilarity  of  those  who  ought  to  know  better. 

I  must  not,  however,  be  too  severe  upon  these  festive 
young  gentlemen,  as  they  are  very  usefiil  to  us.  The 
profession  is  terribly  over-stocked,  and  if  every  youth 
who  entered  it  persistently  aimed  at  getting  by  his  own 
merits  to  the  top  of  the  tree,  some  of  us  could  never 
expect  to  be  promoted.  Things  are  bad  enough  as 
they  are,  but  they  would  be  overwhelmingly  so  if  the 
young  idlers  in  our  works  and  ojfices  did  not  keep  a 
good  many  ambitious  ones  out,  and  cause  them  to  try 
scMnething  else.  What  we  have  said,  therefore,  on  this 
subject,  has  been  only  through  a  desire  to  explain  the 
true  state  of  the  case  for  the  guidance  of  others ;  and 
if  the  hints  thrown  out  in  this  chapter  are  the  means 
of  preventing  people  from  sending  their  sons  to  engi- 
neering when  they  have  no  capacity  for  it,  and  also 
from  spending  money  and  time  uselessly  when  they 
might  be  better  employed,  it  is  probable  that  what  has 
been  written  will  not  be  in  vain. 

I  have  mentioned  in  the  previous  pages  the  disadvan- 
tages of  the  premium  system,  and  now  propose  to  shew 
the  benefits  it  confers. 

In  marine  establishments  the  work  is  always  chang- 
ing.   In  the  olden  times  this  was  especially  the  case. 
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when  no  two  orders  were  alike,  and  when  every  possible 
variety  of  paddle  and  screw  engines  were  frequently  being 
made.  Even  at  the  present  day,  when  one  type, — ^the 
direct  action  triple  expansion  engine, — is  almost  uni- 
versal, there  ate  great  variations  constantly  arising. 

For  instance,  in  places  like  Elder's  or  Maudslay's,  an 
order  may  come  in  at  one  time  for  a  tiny  pair  of  launch 
engines  you  might  almost  carry  in  your  arms,  and  at 
another,  for  those  of  xo,ooo  or  even  15,000  horse  power  in 
one  set  alone.  This  extreme  diversity  of  size  necessitates 
great  alterations  in  design  and  construction,  to  suit  the 
ever  changing  circumstances  of  each  particular  case* 
Hence  it  will  be  seen  that  a  good  marine  work  is  the 
best  school  of  engineering  in  existence,  and  often  a 
source  of  fascinating  study  to  those  who  practise  in  it. 

To  general  engineering  establishments  a  similar  line  of 
argument  may  be  applied',  but  in  places  where  a  large 
quantity  of  special  machinery  is  made,  say  for  flax  and 
cotton  spinning  and  other  textile  manufactures,  also 
steam  winches,  and  a  variety  of  work  which  is  got  out 
rapidly  and  extensively,  the  men  and  boys  are,  by  the 
division  of  labour  system,  turned  more  or  less  into  autom- 
atons. They  are  kept,  for  a  very  indefinite  period, 
turning  this,  planing  that,  and  boring  something  else,  also 
fitting  up  details,  say  connecting  rods,  valve  gear,  shaft 
and  wheel  work,  etc.,  until  those  who  wish  for  a  change 
of  employment  are  completely  wearied  on  account  of  the 
extreme  monotony  of  their  occupation. 

No  doubt  the  extra  pay  for  work  of  this  kind  is  an 
encouragement  to  those  who  will  never  be  anything  more 
than  workmen  of  a  special  description,  but  for  appren- 
tices whose  aim  is  to  rise  to  the  higher  branches,  such  a 
system  is  disadvantageous  in  every  respect.    Looked  at 
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from  a  commercial  point  of  view,  it  is,  no  doubt,  good  for 
the  masters,  and  perhaps  also  for  the  men,  on  account  of 
greater  remuneration  thus  obtained,  but  nothing  could  be 
worse  for  gentlemen  apprentices,  who  are  not  protected 
from  it,  and  this  is  what  the  payment  of  a  premium  does, 
or  ought  to  do.  Under  these  circumstances  it  therefore 
becomes  a  source  of  great  advantage,  so  long  as,  for  the 
reasons  already  given,  it  is  not  abused. 

In  locomotive  work,  even  at  the  best,  there  is  too 
much  sameness  in  description,  and  very  little  variety  in 
size.  For  example,  passenger  and  goods  engines  on  our 
main  lines  have  their  cylinders  generally  from  16  to  18 
inches  diameter,  and  a  large  establishment  may  perhaps 
get  an  order  for  50  of  the  latter  from  India  ;  not  long  after- 
wards 40  more  might  come  in  for  Australian  or  other 
lines,  to  the  former  size,  and  at  another  time  a  lot  more 
of  17-in.  cylinder  engines  for  English  railways.  Thus 
involving  an  immense  quantity  of  details,  similar  in 
kind  and  size,  which  have  to  be  executed  by  the  division 
of  labour  system. 

That  so  many  false  steps  are  made  in  the  choice 
of  engineering  as  a  profession,  is  attributable,  on  the 
one  hand,  to  a  want  of  proper  knowledge  of  what  is 
required  of  them  by  those  who  wish  to  enter  it,  and  on 
the  other  hand,  to  unsuitability,  or  want  of  application,  on 
the  part  of  those  who  feel  somewhat  inclined  to  study  it. 
The  former  is  not  to  be  wondered  at,  when  we  consider 
the  private  nature,  generally  speaking,  of  a  vast  amount 
of  engineering  emplo3anent.  Of  course  there  are  great 
schemes,  which  everyone  knows  about,  such  as  the  Forth 
Bridge,  etc.,  but  there  is  also  an  immense  variety  of 
excellent  practice  constantly  carried  on,  of  which  few, 
indeed,  outside  of  the  interested  people,  have  any  idea. 
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The  error  of  judgment  so  many  make  in  such  matters, 
seems  to  be  an  idea  that  the  practical  and  scientific 
branches  are  easily  ieamt:  that  drawing-office  work  is 
simple ;  and  that,  as  a  whole,  neither  energy  nor  patience 
are  necessary.  Never  was  there  a  greater  mistake,  as 
those  who  have  been  successful  know  well.  Locomotive 
engineering  may  be  comparatively  easily  learnt.  Marine 
needs  a  much  longer  time  to  acquire ;  but  those  who  aim 
at  private  practice,  or  foreign  appointments,  which  throw 
men  entirely  on  their  own  resources,  and  necessitate  a 
tliorough  knowledge  of  many  branches,  will  find  that 
close  and  prolonged  observation  and  study  confer  advan- 
tages of  inestimable  value. 

If  we  study  the  lives  of  some  of  the  great  engineers, 
such  as  Watt,  Fairbairn,  Penn,  Maudslay,  Nasmyth  and 
others,  we  shall  find  that  they  owed  their  prosperity  to 
innate  energy,  industry,  skill,  and  opportunity  from  first 
to  last,  and  we  might  also  add,  the  possession  of  that 
useful  quality  which  enables  people  to  make  whatever 
they  undertake  a  pleasure  instead  of  a  labour. 

The  history  of  Sir  E.  J.  Harland,  the  celebrated  ship- 
builder of  Belfast,  is  briefly  given  in  Smiles*s  admirable 
book,  Men  of  Invention  and  Industry,  In  a  chapter  written 
by  himself,  Mr.  Harland  interestingly  describes  his  appren- 
ticeship in  Stephenson's,  at  Newcastle,  and  his  employ- 
ment in  the  marine  works  of  J.  &  G.  Thomson  on  the 
Clyde,  as  a  draughtsman.  After  this  we  find  him  occupy- 
ing the  post  of  manager  at  Mr.  Toward's  on  the  Tyne, 
and  soon  afterwards  at  Belfast  in  a  similar  capacity  until 
1852,  when  he  became  sole  proprietor,  ultimately  taking 
in  Mr.  Wolff — of  Whitworth  training — as  partner. 

The  rise  and  progress  of  their  immense  establishment 
is  given  in  detail,  and  throughout  the  narrative  one  can- 
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DOt  but  see  that  industry^  intelligence,  and  perseverance, 
during  a  long  career,  have  in  this  case  been  fully 
rewarded. 

Looked  at  broadly,  engineering  is  so  complicated  in 
its  higher  ranges,  and  composed  of  such  an  infinite 
variety  of  details,  the  arrangement  and  proportions  of 
which  have  to  be  carefully  worked  out,  that  we  can  only 
excuse  indifferent  students  upon  the  supposition  that 
they  are  financially  independent,  or  that  they  really  have 
no  conception  of  what  lies  before  them. 

Some  people  are  bom  engineers ;  these  need  no  com- 
ment, as  they  are  quite  able  to  look  after  themselves. 
Others  are  engineers  by  education,  having,  like  myself, 
been  obliged  to  take  to  it  almost  against  their  will. 
Whilst  a  few  are  totally  unsuited  for  it,  and  ought  to  have 
been,  we  might  say — anything  else.  In  my  own  case, 
however,  a  love  of  drawing  proved  invaluable,  and 
enabled  me  at  starting,  and  ever  afterwards,  to  take  a 
deep  interest  in  all  I  saw  relating  to  machinery,  and  it  is 
this  same  taste  for  mechanical  drawing  which  so  often 
indicates  who  should  be  engineers,  and  makes  all  the 
difference  between  those  who  will  never  be  anything  else 
but  "  hands,"  and  others  who  show  that  they  have  heads. 
A  youth's  surroundings  may  have  occasionally  origin - 
nated  the  idea  that  engineering  was  an  easy-going  profes- 
sion. His  father,  for  instance,  may  be  a  barrister  who 
apparently  does  nothing  but  watch  law  cases  in  a  Court 
of  Justice,  and  one  or  two  of  his  uncles  may  get  a  very 
fair  income  as  clergymen  by  preaching  two  short  written 
sermons,  without  a  spark  of  vitality  in  them,  on  Sun- 
days, and  taking  recreation  for  the  rest  of  the  week; 
and,  therefore,  for  want  of  information  on  the  subject, 
engineering  may  sometimes  be  looked  upon  in  a  similar 
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light.  Another  very  strong  reason  why  so  few  people 
have  even  the  most  superficial  knowledge  of  its  require* 
ments,  is  that  the  mechanical  branches  are  only  of  recent 
date,  whereas  civil  engineering  and  the  other  professions 
I  have  mentioned  are  of  great  antiquity. 

Thirty  years  ago,  workshop  practice  was  very  different 
indeed  from  what  it  is  now,  as  a  great  amount  of  time 
was  spent  in  acquiring  sufficient  manual  dexterity  for  the 
proper  execution  of  difficult  and  important  parts.  Now-a- 
days  machinery  does  almost  everything,  and  thus  prac- 
tical instruction  has  been  robbed  of  its  charms  and 
general  usefulness.  If  a  youth,  therefore,  is  content  to 
remain  as  a  workman,  and  take  the  ten-thousand-to-one 
chance  of  being  a  foreman,  or  become  a  sea-going 
engineer,  the  training  he  now  receives  will  be  sufficient 
for  the  purpose;  but  for  those  who  aim  at  higher 
positions,  their  whole  future  hangs  upon  a  thorough 
knowledge  of  the  scientific  branches  practised  in  the 
drawing-office,  which,  as  already  stated,  are  only  open  to 
the  privileged  few. 

In  view  of  all  this,  the  best  plan  appears  to  be  to 
send  the  ambitious  ones  for  about  three  years  to  the  office 
of  some  good  mechanical  engineer,  where  they  will  be 
carefully  educated  in  drawing  office  routine,  including  the 
construction,  application,  and  arrangement  of  machinery 
details.  A  large  amount  of  valuable  knowledge  may  thus 
be  acquired,  which  will  greatly  assist  them  to  understand 
what  is  done  in  the  Works,  and  extensively  enlarge  their 
future  prospects. 

Those  prospects  are  not  quite  so  encouraging  as  they 
were  in  earlier  days,  because  there  are  now  so  many 
engineers  in  the  field.  But  although  England  may  be 
overdone  in  this  respect,  engineering  enterprise  is  extend- 
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ing  SO  rapidly  abroad  that  many  good  appointments  are 
to  be  had  in  other  lands  for  those  who  are  capable  of 
holding  them.  This,  however,  depends  largely  upon  the 
manner  in  which  the  apprentice  employs  his  time  when 
surrounded  with  advantages.  An  excellent  thing  to 
observe  in  life  is — Do  not  wait  until  your  rich  relations — 
if  you  have  any— or  your  poor,  but  kind,  relatives  and 
friends  help  you  out  of  a  difficulty.  Act  for  yourself  with 
all  the  power  and  ability  you  possess,  and  they  will  think 
all  the  more  of  you  for  doing  so,  and  be  more  inclined  to 
give  their  aid. 

If  you  cannot  command  the  winds,  you  can  spread  the 
sails,  and  well-directed  and  sustained  efforts  are  generally 
rewarded  in  some  form  or  other,  and  frequently  in  the 
most  unexpected  manner.  The  art,  therefore,  of  doing 
as  much  as  possible  for  one's  self  is  highly  to  be  com- 
mended, and  especially  so  because  some  of  the  most 
eminent  men  in  the  various  walks  of  life  have,  in  this 
respect  at  least,  been  most  diligent. 

During  the  early  American  war,  a  gentleman  in  plain 
clothes  occupied  himself  on  one  occasion  by  having 
a  quiet  walk  among  the  soldiers,  just  to  see  how 
they  were  getting  along.  He  came  at  last  upon  a  man 
in  a  very  unhappy  state  of  mind,  whom  he  tried  to 
comfort 

'<  What  is  the  matter  with  you,  my  good  friend  ?  '*  said 
the  visitor. 

"  Boo-oo-oo,**  replied  the  soldier,  <*  here's  a  job  I  want 
done,  and  can't  get  anyone  to  do  it  for  me." 

"  Can't  you  do  it  yourself?  " 

'*  No,  sir ;  I  am  the  sergeant-major  of  the  regiment !  " 

'*  Indeed !    Can  I  be  of  any  assistance  to  you  ?  " 

'*  Thank  you,  sir,  I  wish  you  would." 
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The  visitor  set  to  work.  Bang  went  one  thing,  splash 
went  another,  and  in  a  short  time  the  *' job"  was  finished. 

'*  The  next  time  you  want  anything  done,"  observed 
the  departing  stranger,  '<  send  for  General  Washington ! " 

Said  a  lady  to  me  one  day — 

<<The  So-and-So's  have  got  their  son  into  the  engi- 
neering establishment  at  Blanquetown,  without  paying 
any  premium,  and  they  are  giving  him  six  shillings  a 
week  to  begin  with ! " 

"  Quite  right,  ma*am,"  I  replied,  '*  he  may  well  have 
such  liberal  treatment,  because  he  is  only  in  repairing 
works,  where  he  will  not  learn  much,  and  where  they  will 
make  a  machine  of  him." 

So  it  was,  and  is,  and  ever  will  be  in  such  places,  so 
long  as  they  are  what  they  are.  With  the  exception  of 
the  Crewe  Works,  and  others  of  similar  nature,  where,  in 
addition  to  continuous  repairs,  they  make  their  own  loco- 
motives, there  is  really  nothing  that  an  ambitious  appren- 
tice need  trouble  himself  with,  even,  if  possible,  for 
double  the  above  pay.  The  reason  is  this: — In  those 
establishments — marine  included — the  work  is  connected 
with  damaged,  worn,  or  broken  details,  which  may  have 
been  long  in  use,  and  require  renewal  in  some  form  or 
other.  Pins  of  various  sizes  have  to  be  turned,  new 
brasses  fitted,  valves  of  different  kinds  need  rectification, 
the  working  gear  needs  touching  up  in  various  places, 
broken  framings  want  patching,  and  so  on  to  the  end, 
amidst  greasy  dirt  of  the  most  atrocious  nature.  The 
patterns  are  very  limited  in  number,  as  well  as  in  size, 
and  the  drawings  are  just  what  might  be  expected  in 
places  where  no  new  machinery  is  designed  or  made. 

Hence,  for  all  these  reasons,  a  repairing  shop  is  in 
every  respect  the  worst  possible  school  of  thought  and 
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practice  a  youth  can  enter.  People  generally  do  not 
know  this,  and  the  poorer  members  of  the  aristocracy. are 
quite  ignorant  of  it,  fancying  all  the  time  that  their  sons 
are  highly  favoured  by  being  admitted  for  nothing  to 
what  they  consider  a  great  <<  engineering  establishment," 
and  getting,  besides,  the  sum  of  six  shillings  or  more  per 
week  for  their  valued  services. 

The  annexed  plate  shews  the  interior  of  the  pattern- 
shop  at  the  Neptune  Marine  Engineering  Works,  New- 
castle-upon-Tyne. Those  who  enter  this  department  in 
any  locality  must  provide  themselves  with  a  chest  of 
tools  for  working  in  wood,  which  may  be  had  for 
about  /6,  but  in  the  iron  departments,  files,  chisels, 
hammers,  and  all  other  appliances,  are  supplied  by  the 
firm.  In  the  drawing  office,  however,  every  draughts- 
man and  apprentice  needs  to  have  his  own  instru- 
ments, that  is,  a  36-inch  ebony-edged  tee  square;  one 
ditto  45^  set  square,  8  inches  long,  and  another  of  6o^ 
10  inches  in  length;  two  oval  section  18-inch  boxwood 
scales,  one  of  which  will  be  divided  to  J",  }",  \*  and 
i"  to  the  foot,  and  the  other  similarly  to  |",  J",  ij" 
and  3  inches.  One  of  Faber's  h.h.h.  pencils,  a  good 
piece  of  vulcanised  indiarubber,  and,  say,  three  good 
colour  brushes  will  complete  this  part  of  the  outfit.  The 
most  important  thing,  however,  is  a  box  of  instruments 
of  first-class  quality,  and  of  book  form  for  conveniently 
carrying  in  the  pocket,  the  cost  of  which  need  not  exceed 
£Zy  even  for  those  who  love  luxury. 

The  best  place  for  obtaining  the  squares  and  scales 
above  mentioned,  is  Mr.  W.  F.  Stanley's,  Great  Turnstile. 
Holborn,  London,  which  I  can  confidently  recommend  to 
architects,  as  well  as  engineers,  having  used  his  produc- 
tions for  the  last  twenty-five  years,  and  supplied  them  in 
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every  case  to  my  own  numerous  pupils.  Such  instru- 
ments last  a  lifetime,  and,  therefore,  well  repay  the  care 
bestowed  upon  their  selection. 

The  dress  of  the  engineer  should  be  of  the  simplest 
character,  and  perhaps  no  materials  can  be  better  suited 
for  the  purpose  than  good  Navy  blue  serge  and  white 
duck.  For  dirty  work,  the  latter  is  very  useful  in  the 
form  of  "overalls,"  as  it  can  be  so  easily  washed. 
Especial  care,  must,  however,  be  taken  when  ordering  a 
suit,  as  the  tailor,  having  in  view  the  fashionable  style  of 
trousers,  breeks,  or  galligaskins,  will  probably  make  them 
much  too  tight  to  allow  for  future  shrinkage,  and  thus 
cause  considerable  discomfort  afterwards,  not  to  mention 
the  attenuated  appearance  they  will  certainly  give  to  the 
legs  of  their  unhappy  wearers. 
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CHAPTER    VII. 

CIVIL    ENGINEERING. 

of  the  tenn  **  Civil  Engineer  " — The  Great  Pyramid — Ancient 
Saec  Canal — Hero  of  Alexandrian-Archimedes — Their  Mechanical 
genius — Euclid — A  Dream  of  Antiquity — Great  Tunnels — Railway 
Ferry  Boats — Bridge  Engineering  at  home  and  abroad — ^Drainage 
and  Reclamation  of  Land — Gigantic  Pamping  Operations — Origin 
of  the  Goodwin  Sands — Freaks  of  Rivers  in  India  and  China — 
Cradual  Elevation  by  Silting  process — Vast  Inundations  and  change 
of  Bed — The  Hoang  11  o,  etc. — Scouring  and  Deepening  process  in 
Rivera,  etc. — Ordnance  Survey  of  United  Kingdom. 

As  the  exact  meaning  of  the  words  "  Civil  Engineer  **  is 
very  important,  and  has  given  rise  to  much  discussion, 
the  Council  of  the  Institution  of  Civil  Engineers  con- 
sidered it  desirable  to  state  the  sense  attached  to  them  by 
the  Institution. 

The  charter  defines  **the  profession  of  a  civil  en- 
gineer "  as  *'  the  art  of  directing  the  great  sources  of 
power  in  nature  for  the  use  and  convenience  of  man," 
and  some  examples  of  this  definition  are  given.  But  it 
was  pointed  out  by  Thomas  Tredgold,  who  drew  up  the 
"  Description  of  a  Civil  Engineer," — partly  embodied  in 
the  charter — that  •*  the  scope  and  utility  of  civil  engineer- 
ing will  be  increased  with  every  discovery  in  philosophy, 
and  its  resources  with  every  invention  in  mechanical  or 
chemical  science."  Consequently,  since  the  charter  was 
drawn,  the  range  of  practice  of  the  profession  has  become 
much  enlarged. 

Thus  the  practitioners  in  this  art  may  now  have  to  do 
with  many  classes  of  work  ;  for  example : — 
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1.  Works  for  facilitating  and  improving 'internal  com- 
munications— as  roads,  railways,  tramways,  navigation 
by  canals  and  rivers,  bridges,  and  telegraphs  of  various 
kinds. 

2.  Works  connected  with  the  sea-coast,  and  for 
facilitating  communication  between  the  sea  and  the  land, 
such  as  harbours,  docks,  piers,  breakwaters,  sea-walls, 
lighthouses,  etc. 

3.  Works  for  facilitating  communication  across  the 
seas,  including  naval  architecture,  iron  shipbuilding,  and 
the  construction  and  laying  .of  submarine  telegraph 
cables. 

4.  Works  for  the  reclamation,  irrigation,  or  drainage 
of  land ;  and  for  the  prevention  or  the  regulation  of 
floods,  including  the  improvement  of  rivers,  as  arterial 
drains. 

5.  Works  for  cities  and  towns,  such  as  sewerage, 
water  supply,  lighting,  and  street  improvement. 

6.  Large  and  massive  buildings  generally,  in  their 
scientific  and  mechanical  arrangements. 

7.  The  operations  of  mining  and  of  metallurgy,  so  far 
as  they  involve  the  application  of  mechanical  science. 

8.  The  design  and  construction  of  the  mechanical 
prime  movers,  such  as  steam  engines,  water-wheels,  and 
other  hydraulic  motors,  windmills,  electric  and  other 
engines. 

9.  The  design,  construction,  and  adaptation  to  prac- 
tical use  of  machinery  and  mechanical  appliances  of  all 
kinds. 

10.  The  design  and  manufacture  generally  of  all  large 
and  important  metallic  structures,  including  artillery, 
and  other  munitions  of  war. 

This  is  a  comprehensive  but  by  no  means  complete 
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catalogue,  and  if  an  estimate  is  attempted  to  be  formed 
of  the  work  done  under  it  during  the  last  century,  and  of 
the  effect  this  work  has  had  on  the  development  of  trade 
and  commerce,  on  finance,  on  government,  on  every 
branch  of  industry,  and  indeed  on  every  possible  aspect 
of  human  interest,  it  must  be  admitted  that  the  pro- 
fession of  civil  engineering  has  become  truly  a  great 
power. 

It  is  important  to  define  accurately  what  is  meant  by 
the  prefix  •*  civil." 

There  has  sometimes  been  a  disposition  to  confine  this 
word  to  those  who  practice  in  works  of  building  and 
earthwork  construction,  such  as  railways,  roads,  har- 
bours, docks,  river  improvements,  and  so  on,  to  the 
exclusion  of  engineers  who  are  engaged  in  some  of  the 
other  branches  of  engineering  enumerated. 

There  is  no  authority  for  such  a  limitation.  The 
meaning  of  the  word  '*  civil "  is  quite  clear  when  the 

e 

history  of  the  profession  is  borne  in  mind. 

The  earliest  application  of  the  term  '*  engineer  '*  was 
to  persons  in  military  service,  and  down  to  a  compara- 
tively recent  period  it  was  only  known  in  this  application. 
But  when  the  construction  of  public  works  in  England  for 
civil  purposes  began  to  take  a  large  development,  their 
designers,  finding  their  work  analogous  to  that  of  military 
engineers,  adopted  the  same  term,  using  the  prefix  ^^ civil'' 
to  distinguish  them.  There  is  reason  to  believe  that 
Smeaton  was  the  first  civil  constructor  of  large  public 
undertakings  who  called  himself  an  engineer,  and  who 
used  accordingly  the  distinguishing  compound  title. 

The  term  ''  civil  engineer "  implies,  therefore,  an 
engineer  who  is  a  civilian,  and  it  is  intended  to  include  all 
classes  of  engineers  who  do  not  belong  to  the  military 
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service.    This,  it  may  be  added,   is  the  meaning  now 
attached  to  the  words  by  the  **  Institution." 

When  we  think  of  the  stupendous  edifices,  and  other 
great  works  of  ancient  days,  it  is  astonishing  that  the 
people  of  past  ages  were  so  ignorant  of  the  prodigious 
power  we  now  use  so  efifectually,  and  which,  strange 
to  say,  is  in  its  successful  application  only  about  a 
hundred  years  old.  Had  they  only  possessed  a  little  of  our 
knowledge  on  such  points,  what  an  immensity  of  labour 
and  time  it  would  have  saved  them  I 

The  ancient  Suez  Canal,  during  its  excavation,  is  said 
to  have  cost  the  lives  of  120,000  people,  and  the  Wall  of 
China  occupied  for  a  long  period  the  eflforts  of  every  third 
man  in  the  empire.  We  have  also  reason  to  believe  that 
no  mechanical  appliances  of  any  kind  were  employed 
upon  either  of  them  during  their  construction. 

Briefly  told,  the  Canal  was  a  scheme  originated  by 
Darius  the  First  for  connecting  the  Red  Sea  with  the 
Mediterranean ;  but  so  gigantic  did  it  appear  to  the 
people — ^who'were  afraid  it  might  be  the  means  of  inun- 
dating the  country — that  they  caused  the  priests  to  stop 
all  the  works. 

We  are  also  informed  that  the  causeway,  leading  from 
the  quarries  to  the  great  Pyramid,  required  the  labour  of 
100,000  men  for  ten  years,  and  360,000  additional  men 
were  required  for  twenty  years  in  building  the  Monument 
itself.  As  the  Canal  was  excavated  by  the  labourers  or 
slaves  paddling  out  the  sand  and  mud  with  their  unaided 
hands;  and  the  colossal  stones  of  the  pyramid  were 
pushed  along  and  lifted,  partly  by  the  use  of  rollers 
underneath,  and  the  sheer  force  of  the  multitude,  it  will 
at  once  be  seen  that  the  methods  adopted  were  of  the 
most  ^primitive  description,  and  entailed  an   enormous 
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amount  of  severe  and  unnecessary  exertion,  which  a  few 
of  our  modem  machines  would  have  abolished. 

Amongst  those  who  flourished  in  ancient  Greece  were 
three  very  remarkable  men.  One  was  Hero  of  Alexandria, 
another  was  Archimedes,  and  a  third  was  Euclid.  The 
the  two  former  touched  the  very  borders  of  our  system  of 
mechanical  engineering,  but  were  unable  to  develop  their 
ideas  sufficiently  on  this  subject. 

Hero  flourished  about  130  b.c,  and  his  extremely 
primitive  steam  engine,  named  the  iEolipile  or  "  Ball  of 
.£o1us,"  was  almost  identical  in  principle  with  the 
•'  Barker's  Mill "  of  our  own  time.  He  also  employed 
steam  as  an  agent  in  giving  life-like  actions  to  the  gods  of 
the  period,  and  thus  deluded  their  worshippers,  who 
attributed  those  movements  to  Divine  interposition. 

A  writer  in  the  Quarterly  Review  observes  that : 
"  Archimedes  was  a  profound  genius ;  he  drew  from 
his  intellectual  treasury  a  rich  store  of  the  most  curious 
theoretical  discoveries,  and  of  the  most  useful  practical 
inventions.  He  maintained  a  rank  among  ancient 
philosophers,  similar  to  that  of  Newton  among  the 
modems.  He  may  also  be  considered  the  father  of  the 
science  of  statics  and  hydrostatics,  for  to  him  we  owe 
the  true  theory  of  the  equilibrium  of  forces  in  machines, 
and  also  in  the  pressure  of  fluids.  He  understood  the 
theory  of  optics,  as  is  evident  from  his  invention  of  the 
burning  mirrors,  by  means  of  which  he  set  fire  to  the 
Roman  fleet  at  a  furlong's  distance.  He  was  a  man  of 
taste  and  activity,  and  combined  in  an  extraordinary 
degree  theoretical  knowledge  and  practical  skill.  His 
discoveries  in  pure  geometry  alone  would  secure  for  him 
the  admiration  of  all  ages,  as  he  travelled  in  so  many 
unbeaten  paths,  and  adopted  methods  to  aid  him  in  his 
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investigations  which  were  so   admirable,  that  antiquity 
has  assigned  him  the  first  place  among  geometricians. 

•*  When  we  contemplate  the  extraordinary  effects  pro- 
duced by  the  machines  of  Archimedes,  we  cannot  but 
lament  that  so  great  a  man  should  have  been  infected 
with  the  ridiculous  notions  of  the  Platonists,  which  would 
not  allow  them  to  leave  anything  in  writing,  relative  to 
the  details  of  mechanical  contrivances.  In  consequence 
of  this,  posterity  has  unfortunately  lost  not  only  the 
benefit  of  those  particular  inventions,  but  also  the  high 
proficiency  in  mechanical  arts  to  which  an  acquaintance 
with  them  would  naturally  have  led." 

Plutarch  tells  us  —  in  his  Lift  of  Marcellus  —  that 
Endoxus  and  Archytas  were  the  first  to  give  attention  to 
the  science  of  mechanical  engineering,  which  was  so 
highly  developed  by  Archimedes  not  long  afterwards. 
Plato  was  greatly  annoyed  at  this,  and  inveighed  against 
them  for  **  destroying  the  real  excellence  of  geometry,  by 
making  it  leave  the  region  of  pure  intellect,  and  thus 
become  sensuously  associated  with  bodies  which  required 
so  much  servile  labour  in  order  to  perfect  them."  In 
this  manner  practical  engineering  was  separated  at  the 
outset  from  mathematics,  and  although  regarded  with 
contempt  by  philosophers,  it  was  nevertheless  reckoned 
amongst  the  military  arts. 

Archimedes  had  a  mind  so  exalted  that,  in  accordance 
with  the  ideas  of  the  Platonists,  he  would  not  condescend 
to  leave  behind  him  any  writings  upon  what  he  himself 
considered  the  vulgar  business  of  mechanics  and  the 
useful  arts,  preferring  rather  to  immortalise  in  his  various 
treatises  the  sublimely  intellectual  science  of  pure  mathe- 
matics, in  which  he  was  so  profound. 

Thus  we  have  a  distinct  reason  given  for  the  applica- 
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tion  of  steam  to  the  various  systems  of  modem  engineer- 
ing remaining  a  dead  science  throughout  all  those 
centuries,  until  James  Watt  arose,  and,  with  a  few 
master  strokes  of  genius,  laid  the  foundation  of  its  pre- 
sent world-wide  extension  in  ten  thousand  and  one 
different  forms. 

We  cannot  now  learn  much  more  of  the  history  of 
Euclid  than  is  generally  known,  nor  is  it  indeed  necessary 
to  do  so.  Those,  however,  who  have  studied  his  analyti- 
cal  science  must  be  fully  aware  that  it  is  the  only  pure 
and  exact  science  we  possess,  and  one  that  is  entirely  free 
of  all  terms  such  as  "very  near,"  "just  about,*'  **  sonpe- 
thing  like  it,"  and  so  on.  It  is  not  surprising,  therefore, 
that  some  people  are  fascinated  by  it,  as  the  logic  of 
mathematics  is  crushing, — the  reasoning  beautifully  clear 
and  simple,  though  at  times  requiring  profound  considera- 
tion,— and  its  statements  incontrovertible.  Besides  this, 
there  is  such  variety  in  £uclid*s  problems  and  theorems, 
and  so  much  practical  benefit  to  be  derived  from  them, 
that  they  become  invaluable  to  those  who  need  their  aid 
in  many  ways. 

If  it  were  possible  for  those  three  worthies  to  revisit 
the  earth,  and  witness  the  changes  that  have  taken  place 
since  they  left  it,  how  they  would  stare  and  rub  their  eyes 
in  blank  amazement,  wonder  and  surprise !  How  they 
would  solemnly  gaze  all  around  in  mute  astonishment, 
and,  after  recovering  themselves  a  little,  begin  to  chatter 
away  in  choice  Greek  about  what  they  saw  and  what 
they  thought  of  things  in  general  t  I  can  imagine  the 
scene. 

There  stands  the  trio  of  grave,  thoughtful,  antiquated 
gentlemen,  with  the  stamp  of  intellect  on  their  handsome 
features.    Archimedes  breaks  the  silence  with — 
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"  Well  done  the  Modems !  " 

•*  Very  well  done ! "  says  Hero. 

**  Remarkably  well  executed  !  "  adds  Euclid. 

*  Ah ! "  says  the  Alexandrian,  **  didn't  I  just  give  them 
the  start  with  my  steam  engines?  Didn't  I  shew  them 
how  the  thing  could  be  done  ?  If  I  had  only  lived  a  little 
longer,  wouldn't  I  have  James  Watted  them — quite  ? 
But,  dear  me  t  have  they  taken  all  this  time  ? — aU  these 
centuries — ^to  find  out  for  themselves  a  practical  solution 
of  the  grand  ideas  I  had  on  my  mind  when  Death 
snatched  me  away  ?    It  is  indeed  astonishing  1 " 

*'  I  quite  agree  with  you,  sir,"  observes  the  mechan- 
ician. "  Their  engines  and  machines,  and  wheels  and 
shafts,  are  admirable,  but  I  am  surprised  to  hear  they  are 
not  even  one  hundred  years  old.  What  in  the  name  of 
all  the  gods  and  goddesses,  have  they  been  doing  or 
thinking  about  for  ages  past  ?  Is  it  possible  that  much 
of  what  they  pride  themselves  on  was  known  to  myself  ? 
My  mind  was  so  filled  with  magnificently  useful  schemes 
I  hoped  to  accomplish  that  it  is  hard  to  say  what  I  would 
have  done  if  the  Destroying  Angel  had  not  paid  me  a 
visit  and  put  a  stop  to  them  ;  and  to  crown  all,  those  old 
fools  the  Platonists  would  not  let  me  write  out  my 
valuable  experience  for  the  benefit  of  future  ages." 

*'  Very  sad  indeed  to  see  such  folly,"  the  mathema- 
tician musingly  observes.  '*  What  a  benighted  race  these 
Modems  must  have  been  to  take  so  long  to  find  out 
for  themselves  the  grand  improvements  you  made  in 
engineering.  I  am  glad  to  see,  however,  that  they 
appreciate  my  science,  which  is  reflected  in  many  of 
their  works.  They  have  simplified  the  solution  of  many 
of  the  problems  and  theorems  which  fascinated  me  in 
ancient  Greece,  but  the  truths  contained  in  them  remain 
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unaltered.  I  left  twelve  volumes  behind  me,  and,  if 
Marcellus  had  only  left  me  alone,  it  is  difficult  to  say  how 
many  more  I  might  have  given  them.  That  wretch,  the 
Caliph  Omar,  had  an  idea  that  if  the  books  in  the 
Alexandrian  Library  agreed  with  the  Koran  they  were  of 
no  use,  and  if  they  didn't  agree  they  should  be  destroyed, 
so  he  fired  the  building,  and  deprived  the  world  of  four  of 
my  best  treatises.    Too  late  now  to  restore  them." 

The  ancient  sages  again  smile  and  laugh  at  the 
"  stupidity  of  the  Modems."  But  why  this  sudden  lull 
in  the  merriment  ?  Wherefore  that  thoughtful  expression 
which  clouds  their  noble  faces  ?  Ah !  their  time  is  up, 
their  frolic  is  ended,  and  they  know  it.  .  •  .  We  try 
to  scan  a  great  but  distant  railway  bridge  which  has  been 
pointed  out  to  us  by  Archimedes,  and  as  we  turn  round  to 
speak  to  him  about  it,  find  to  our  astonishment  that  all  of 
them — have  vanished  I 

It  was  only  a  dream — a  dream  of  antiquity ;  but  fanci* 
fill  as  the  idea  of  their  visit  has  been,  the  fact  remains 
that  two  of  them  at  least  have  left  a  fame  and  a  name 
that  will  endure  to  the  end  of  time,  and  serve  as  noble 
examples  of  what  the  higher  ranges  of  the  intellect  could 
accomplish  under  great  disadvantages  in  days  of  yore. 

Civil  engineering  as  it  was,  and  as  it  is,  are  two  very 
different  things  indeed.  When  railways  in  large  numbers 
had  to  be  constructed;  when  canals  were  greatly  in 
demand;  when  the  road  system  throughout  the  country 
was  being  developed ;  and  when,  in  these  three  cases,  an 
immense  amount  of  highly  skilled  labour  was  required, 
and  few  in  the  land  possessed  the  requisite  experience, 
engineers  prospered  greatly,  large  fortunes  were  fre- 
quently made,  and  good  incomes  easily  obtained.    Now, 
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however,  Great  Britain  has  become  so  overrun  with 
railways,  roads,  and  canals,  that  there  is  not  much  left  to 
be  done  at  home  in  this  direction.  On  the  other  hand, 
so  enormous  is  the  demand  for  similar  undertakings  in 
foreign  countries,  and  so  extensive  are  the  resources  of 
modern  civilisation,  that  a  bright  future  appears  to  be 
still  in  store  for  the  engineering  profession  in  all  its 
branches. 

Since  the  present  Suez  canal  was  completed,  other 
gigantic  projects  of  a  similar  nature  have  been  brought 
forward  from  time  to  time,  and  are  now  in  progress.  The 
most  prominent  of  them,  however,  are  now  so  well  known 
that  further  comment  is  needless. 

Another  branch  of  civil  engineering  that  has  been 
wonderfully  developed  in  later  years  is  the  science  of 
tunnelling,  which  even  yet  appears  capable  of  great 
extension.  The  Mont  Cenis  and  St.  Gothard  tunnels 
were  great  undertakings,  but  they  sink  into  insignificance 
when  compared  with  what  has  been  proposed,  or  what 
may  yet  be  thought  of  in  the  near  future,  by  enterprising 
speculators.  From  an  engineering  point  of  view,  there 
is  apparently  no  serious  obstacle  in  the  Channel  Tunnel 
scheme,  beyond  its  prodigious  cost  of  from  fifty  to  eighty 
millions  sterling.  Three  gigantic  steamers,  however,  of 
great  beam,  and  capable  of  carrying  loaded  trains  at  all 
times,  would  probably  perform  what  is  required  in  the 
most  satisfactory  and  economical  manner.  Indeed,  Sir 
John  Fowler  and  Mr.  B.  Baker  have  designed  an  excel- 
lent Channel  ferry  on  this  principle,  the  total  cost  of 
which  is  estimated  at  two  millions  only. 

At  Granton,  near  Edinburgh,  where  the  Forth  is  five 
miles  in  width,  and  greatly  exposed  to  storms,  this  system 
has   long   been  successfully   adopted.    And   across  the 


CHAP.  VII.  AND  SOCIALLY  CONSIDERED.  103 

three  mile  wide  Straits  of  Carchenas,  near  San  Francisco, 
four  lines  of  trains,  amounting  in  all  to  fifty  cars,  are 
ferried  across  at  one  time  in  the  easiest  possible  manner, 
by  means  of  a  steamer  450  feet  long,  and  130  feet  broad. 

The  difficulties  attending  the  excavation  of  the  Mont 
Cenis  Tunnel  were  very  serious,  owing  to  the  extreme 
hardness  of  the  rock,  but  they  were  most  successfully 
overcome  by  the  aid  of  exceUent  machinery,  and  so 
accurately  were  operations  conducted  from  both  sides  of 
the  mountain  at  the  same  time  that  the  junction  in  the 
centre  was  all  that  could  be  desired.  A  sad  story  is 
related  in  connection  with  a  similarly  important  under- 
taking. 

At  the  Inter-Oceanic  Canal  congress,  held  some  years 
ago  in  Paris,  there  sat  among  the  leaders  of  the  enterprise 
a  grey-haired  and  intellectual-looking  man,  with  a  some- 
what melancholy  expression  of  countenance.  The  assem- 
bled visitors  congratulated  him  upon  the  approaching 
termination  of  one  of  the  grandest  engineering  schemes 
of  the  century.  Turning  to  a  friend  who  stood  beside 
him,  he  said : — 

**  I  have  worked  all  my  life  for  a  little  renown,  and  a 
little  wealth,  and  now,  in  the  moment  of  my  triumph,  I 
find  that  neither  is  worth  the  trouble  it  has  cost  me. 
Indeed,  the  only  use  of  the  money  I  have  made  is  to 
help  those  who  are  less  strong  and  less  happy." 

The  speaker  was  Louis  Favre  of  Geneva,  the  con- 
tractor for  the  famous  St.  Gothard  Tunnel,  which  had 
just  entered  upon  its  eighth  and  last  year  of  construc- 
tion. He  went  straight  from  the  congress  to  Airolo,  at 
the  mouth  of  the  tunnel,  and  was  shewing  the  levels  to  a 
French  engineer,  when  he  suddenly  complained  of  cramp, 
called  for  a  glass  of  water,  and  instantly  expired. 
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In  future  years,  some  ambitious  promoter  of  great 
schemes  may  endeavour  to  form  a  Company  for  the 
purpose  of  working  what  he  proposes  to  call  the  '*  Anglo- 
American  Submarine  Railway  Company  Limited/'  the 
object  of  which  is  to  unite  the  Old  and  New  Worlds  by 
a  tunnel  underneath  the  bed  of  the  Atlantic.  But  here 
we  must  draw  a  line  between  the  practicable  and  the 
impracticable,  and,  so  far  as  we  can  see  at  present,  apply 
a  word  which  Napoleon  said  was  not  to  be  found  in  the 
French  dictionary,  and  that  word  was — *'  Impossible.'* 

Civil  engineering  also  includes  the  designing  and 
construction  of  bridges,  in  timber,  iron,  brick,  and  stone, 
and  there  is  probably  no  kind  of  structure  in  which  more 
ingenuity  and  fertility  of  resource  have  been  needed  than 
in  those  which  cross  rivers,  ravines,  etc.,  requiring  in 
most  instances  to  be  specially  adapted  to  the  ever- varying 
conditions  of  site,  locality,  width  of  span,  loads  to  be 
carried,  such  as  those  which  are  created  by  railway, 
road,  or  foot-passenger  traffic,  and  we  may  also  add  the 
caprice,  fancy,  practical  considerations,  and  taste  of  the 
designer  or  promoter. 

In  countries  such  as  England,  which  abounds  in 
rivers,  bridges  are  invaluable,  So  long  as  the  population 
was  limited,  intercourse  between  one  place  and  another 
was  of  the  most  primitive  nature,  hence  there  did  not 
exist  any  necessity  for  our  modem  methods  of  sustaining 
the  continuity  of  the  roads  or  tracks  which  then  pre- 
vailed. The  shallow  parts  of  rivers  were  naturally 
selected  as  the  proper  places  for  fords,  which  could  easily 
be  waded  by  men  and  horses  when  the  water  was  low, 
and  even  in  times  of  flood  might  be  crossed  by  swim* 
ming. 
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The  magnificent  City  of  Palmyra  owed  its  origin  to  a 
little  oasis  in  the  midst  of  the  Syrian  desert,  which 
farmed  the  favourite  camping  place  of  roving  tribes,  or  of 
caravans  on  their  journey,  and  thus  we  have  an  apparent 
reason  for  the  subversion  of  a  natural  law,  which  has 
caused  towns  and  great  cities  to  arise  chiefly  on  the 
banks  of  navigable  rivers,  or  on  the  sea  coast. 

Towns  and  villages  sprung  up  at  some  of  the  ford- 
able  localities  we  have  referred  to,  from  which  they 
derived  their  names,  such  as  Dept^i — *'  deep  ford " 
originally — Dart/bri,  Ox/bri,  and  so  on,  and  in  course  of 
time  the  civil  engineer  was  called  upon  to  design  and 
erect  the  much-desired  bridges,  which  in  many  instances 
are  to  this  day  lasting  records  of  his  skill. 

Between  the  simplest  and  most  primitive  form  of 
bridge,  consisting  of  a  piece  of  timber  spanning  a  small 
stream,  and  the  colossal  structure  on  the  Forth,  there  is, 
indeed,  a  very  wide  gulf,  and  between  these  two  extremes, 
bridges  are  to  be  found  in  endless  variety,  and  involving 
considerations  of  the  most  diversified  character.  A  plank 
thrown  across  a  ditch  may  cost  a  few  pence,  and  if  it 
should  break  in  the  middle  with  a  passing  load,  the 
the  damage  will  be  insignificant ;  but  if,  on  the  other 
hand,  a  structure  such  as  the  Britannia  Bridge  across  the 
Menai  Straits,  or  that  across  the  Niagara,  were  to  give 
way  while  a  train  was  passing  over  it,  the  rolling  stock 
and  all  it  contained  would  be  annihilated,  and  one 
country  at  once  become  severed  almost,  if  not  entirely, 
from  another,  so  far  as  the  traffic  was  concerned.  Thus 
the  importance  of  high-class  bridge  engineering  will  at 
once  be  seen. 

The  Forth  bridge,  already  mentioned,  has  a  clear 
headway  of  150  feet  from  the  surface  of  the  water.     Its 
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two  central  spans  are  each  1,700  feet  in  width,  while  the 
other  spans — 22  in  number — are  much  narrower.  The 
total  length  of  the  bridge,  including  approaches,  measures 
upwards  of  a  mile  and  a  half,  and  the  contract  price  of 
the  whole  was  ;^i, 600,000,  or  nearly  ;^2oo  per  lineal  foot. 

The  East  River  Bridge,  between  New  York  and 
Brooklyn,  is  the  largest  yet  constructed  on  the  suspension 
principle.  It  is  6,000  feet  in  length,  by  85  feet  in  width, 
and  is  divided  into  three  great  spans,  while  its  cost  has 
been  about  ;^2y8oo,ooo,  or  £^6y  per  lineal  foot. 

In  India,  where  skilled  labour  is  not  easily  obtained, 
a  special  t3rpe  of  bridge  is  required  which  involves  the 
least  amount  of  trouble  in  erection ;  and,  in  places  diffi- 
cult of  access  by  the  ordinary  means  of  transport,  the 
weight  of  each  part  has  to  be  reduced  considerably  for 
convenience  in  carriage.  In  the  Colonies  the  rudest 
system  of  construction  is  sometimes  quite  sufficient  for 
the  purpose,  as  a  tree  thrown  across  a  stream,  or  a  rope- 
bridge  of  the  simplest  form,  spanning  a  deep  ravine,  are 
equally  advantageous  to  those  whose  heads  are  not  easily 
disturbed,  and  whose  feet  are  somewhat  of  the  prehensile 
kind. 

Amongst  the  most  useful  and  least  expensive  bridges 
on  the  suspension  principle,  are  those  so  frequently 
employed  in  mining  districts,  consisting  of  wire  ropes, 
sometimes  of  great  length,  extending  from  a  high  level  to 
a  low  level,  such  as  from  a  mountain  side  to  an  adjacent 
river  wharf,  or  to  a  seaside  pier.  Trucks  containing 
minerals,  etc.,  are  suspended  from  these  ropes,  and  made 
easily  workable  by  means  of  grooved  pulleys  which  run 
upon  them,  and  thus  enable  the  loaded  wagons  in  their 
descent  to  haul  up  the  empty  ones.  As  the  strain  upon 
the  ropes  is  equal  to  many  times  the  load  upon  them,  the 
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greatest  care  should  be  taken  to  make  their  end  fixings 
secure.  When  this  is  properly  done,  passengers  as  well 
as  goods  may  be  carried  with  safety  across  chasms  1,000 
feet  deep,  in  any  part  of  the  globe. 

At  Monte  Penna  a  continuous  span  system  is  adopted 
over  openings  ranging  from  85  feet  to  2,230  feet,  so  fully 
recognised,  however,  is  the  value  of  this  method  of  trans- 
port that  it  it  now  extensively  employed  both  at  home 
and  abroad. 

The  timber  trestle  railway  bridges  of  America  are 
very  suitable  in  some  localities,  but  they  are  complicated 
looking  structures  compared  with  others.  This  is  spe- 
cially observable  amongst  those  of  large  size,  such,  for 
instance,  as  one  in  the  far  West,  which  spans  a  ravine 
and  is  164  feet  high,  and  1,086  feet  long. 

These  are  but  a  few  of  the  leading  characteristics  of 
bridges  in  different  countries,  which  require  to  be  adapted 
to  the  ever  changing  conditions  already  referred  to. 

Works  connected  with  the  drainage,  irrigation,  and 
reclamation  of  land,  also  fall  within  the  province  of  the 
civil  engineer,  and  contribute  in  no  small  degree  to 
the  welfare  of  nations  as  well  as  that  of  private  com- 
panies and  individuals.  The  reclamation  of  land  on  a 
great  scale  gives  considerable  employment  to  the  mechan- 
ical engineer,  upon  whom  so  much  of  the  success  of  the 
scheme  depends  when  pumping  operations  are  necessary ; 
and  one  of  the  most  notable  examples  is  to  be  found  at 
the  Ferrara  Marshes,  in  Northern  Italy.  To  give  an  idea 
of  the  magnitude  of  the  project,  it  may  be  stated  that  the 
tract  reclaimed  covers  an  area  of  nearly  200  square 
miles,  and  that  the  total  quantity  of  water  lifted  to  a 
height  of  12  feet,  by  means  of  four  pairs  of  centrifugal 
pumping  engines,  exceeded  2,000  tons  per  minute.    This 
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machinery  was  made  by  Messrs.  John  &  Henry  Gwynne» 
of  London,  and  is  said  to  be  amongst  the  most  powerful 
of  its  kind  in  the  world. 

The  reclamation  of  territory  in  England  has  been  of  a 
most  extensive  character,  as  vast  expanses  of  valuable 
land  were  two  or  three  centuries  ago  completely  under 
water.  This  has  especially  been  the  case  on  the  banks  of 
the  Thames,  and  also  in  the  great  fen  district,  which  was 
from  sixty  to  seventy  miles  long,  and  from  twenty  to 
thirty  miles  broad,  but  now  contains  about  680,000  acres 
of  rich  pasture.  The  territory  thus  reclaimed  by  the 
skill  and  labour  of  successive  generations  of  engineers  is, 
however,  only  protected  from  injury  by  continuous  watch- 
fulness from  day  to  day. 

Works  of  this  kind  are  among  the  greatest  that  energy 
and  perseverance  have  ever  achieved;  indeed  the  king- 
dom of  Holland  may  be  said  to  owe  its  very  existence  to 
the  great  dykes  that  protect  it  from  inundation  by  the 
sea.  Almost  from  Richmond  to  Gravesend,  the  Thames 
is  quite  an  artificial  river,  vast  tracts  of  country  along 
the  banks  having  at  one  time  been  completely  submerged, 
and  these,  too,  owe  their  present  fertile  condition  to  the 
labour  of  many  talented  engineers,  who  directed  their 
attention  towards  confining  the  river  between  its  present 
boundaries  by  means  of  embankments,  the  failure  of 
which  has  often  produced  great  havoc  in  the  neighbour- 
ing counties.  On  one  occasion  a  large  part  of  Kent  was 
thus  laid  under  water,  when  the  gap  in  the  river  wall 
became  so  deeply  scoured  out  by  the  tide,  as  to  baffle  for 
a  long  time  the  sustained  efforts  of  those  most  experi- 
enced in  this  kind  of  practice. 

What  is  now  known  as  the  Goodwin  Sands  formed 
at  one  time  part  of  an  estate  belonging  to  the  Earl 
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Godwin,  but  the  cause  of  its  destruction  was  unknown 
to  many  in  later  years.  Bishop  Latimer, — ^in  a  sermon 
preached  before  Edward  VI,  in  the  year  1550,— described 
the  method  adopted  for  clearing  up  the  m3rstery.  He  said 
that  a  Mr. — ^afterwards  Sir  Thomas — More  paid  a  visit  to 
the  little  town  of  Tenterden  with  the  object  of  ascertain- 
ing the  cause  of  the  disaster,  which  greatly  excited  his 
curiosity.  Upon  discovering  that  well-known  individual, 
**  the  oldest  inhabitant,"  he  questioned  him  in  the  *'  be 
careful  *'  style  as  follows : — 

''  Have  you  known  this  place  long  ?  '* 

"  All  my  life,  sir,"  replied  the  man  of  one  hundred 
summers. 

"  Do  3rou  remember  when  the  Goodwin  Sands  were 
dry  land  ?  " 

'<  Oh,  yes,  that  was  before  Tenterden  church  steeple 
wor  built." 

''  NoWy  tell  me,  when  did  the  water  come  in  ?  " 

"  After  the  steeple  was  built." 

'*  What  then  do  you  think  was  the  cause  of  the  sea 
covering  all  that  land,  and  bringing  about  such  a  deplor- 
able catastrophe  ?  " 

*'  Well,  sir,  you  see,  afore  the  steeple  wor  built  the  sea 
was  far  away,  but  after  the  steeple  was  finished  it  came  in 
and  flooded  us — I  think,  sir,  the  steeple  wor  to  blame." 

This  reasoning  was  illogical,  but  the  old  man  told  the 
truth — ^the  steeple  was  indeed  the  cause  of  the  evil ! 

For  ages  the  Godwin  estate  had  been  protected  from 
the  ravages  of  the  sea  by  a  strong  embankment,  which 
was  constantly  kept  in  good  order.  Unfortunately,  how- 
ever, during  several  consecutive  years,  storms  were 
almost  unknown.  This  lulled  the  people  into  fancied 
security,  and  the  money  which  should  have  gone  towards 
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keeping  the  sea  wall  in  repair  was  applied  in  beautifying^ 
the  village  church.  Immediately  after  the  steeple  was 
finished,  a  great  tempest  arose — the  wall  was  destrojred — 
the  land  inundated, — ^and  thus  it  has  remained  to  the 
present  day. 

At  no  period  since  the  Deluge,  has  the  world  been 
visited  by  such  an  appalling  calamity  as  that  which 
devastated  the  rich  province  of  Honan  in  1887,  the  cause 
of  which  was  the  bursting  of  the  Hoang  Ho  embank- 
ment, and  the  consequent  inundation  of  a  vast  territory. 
England  is  happily  protected  from  such  occurrences 
owing  to  the  configuration  of  the  country,  and  the  nature 
of  its  rivers,  but  in  India  and  China  the  case  is  completely 
di£ferent,  as  some  of  the  great  arterial  streams  flow  for 
hundreds  of  miles  through  a  fiat  and  alluvial  district, 
which  creates  a  sluggish  current,  and  consequent  deposit 
of  silt  along  their  whole  course.  Thus,  slowly  but  surely, 
laying  the  foundation  of  a  serious  danger,  which  the 
highest  engineering  skill  is  sometimes  unable  to  prevent. 

This  method  of  raising  a  river  bodily,  extends  more  or 
less  over  various  periods  of  time,  and  requires  a  gradual 
increase  in  the  height  of  the  embankments,  until  at  last, 
the  surging  pressure  of  a  mighty  torrent  causes  them 
to  give  way  at  some  weak  point.  A  province  is  con- 
sequently wrecked,  the  old  channel  leading  to  the  sea  is 
forsaken,  and  a  new  one  is  formed  which  finds  another 
outlet. 

Amongst  numerous  practical  examples  of  the  processes 
referred  to,  the  Hoang  Ho  stands  pre-eminent.  This  river 
is  larger  and  swifter  than  the  Ganges,  and  possesses  the 
peculiar  property  of  enriching  the  land  through  which  it 
flows  by  the  silty  deposit  of  a  previous  inundation,  and 
then  again  destroying  it  by  overwhelming  floods.      The 
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Po,  whose  bed  is  in  some  localities  forty  feet  above  the 
LiOmbard  plain,  acts  in  the  same  manner,  and  so  also  do 
other  similar  streams,  hence  the  urgent  necessity  of 
guarding  them  at  all  dangerous  places.  Since  its  out- 
burst in  1852,  the  bed  of  the  Yellow  River  has  risen  so  far 
above  the  plain,  that  enormous  embankments,  from  300  to 
500  miles  long,  have  been  constructed  for  the  purpose  of 
protecting  the  country  from  floods.  These  require  very 
careful  supervision,  as  any  faulty  or  leaky  part  will 
rapidly  insure  disastrous  failure. 

The  Hoang  Ho  is,  therefore,  a  source  of  great  danger 
to  those  who  live  near  it.  Its  ordinary  width  is  about  one 
inile,^-or  the  same  as  the  Mersey  at  Birkenhead, — and  its 
depth  about  70  feet,  but  when  the  mountain  snows  melt, 
it  rises  upwards  of  20  feet,  and  in  some  places  has  a  very 
high  velocity. 

The  freaks  of  alluvial  rivers  are  sometimes  of  a  sur- 
prising character.  The  Mississippi,  for  instance,  has 
obligingly  shortened  itself  nearly  250  miles  in  176  years. 
That  is,  it  has,  from  time  to  time,  cut  through  the  narrow 
isthmus  of  an  elongated  horse-shoe  bend,  and  made  a  new 
channel  for  itself,  to  the  delight  of  some  planters,  who 
thus  had  a  navigable  waterway  unexpectedly  opened  out 
for  them,  but  to  the  dismay  of  others,  whose  estates  could 
not  now  be  approached  for  want  of  water.  In  India  and 
China,  some  of  the  rivers  travel  from  2,000  to  3,000  miles 
before  they  reach  the  sea,  and  the  greater  part  of  their 
course  lies  across  dead  level  plains,  so  devoid  of  rocky 
boundaries  that  the  water  may  run  in  any  direction 
during  a  flood,  and  of  this  we  have  many  examples. 
Amongst  them  may  be  mentioned  the  Damoodah, — a 
tributary  of  the  Ganges, — which  has  bafi9ed  the  most 
skilful  engineers;  and  the  Brahmai>ootra,  which,  up  to 
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1830,  entered  the  sea  200  miles  eastward  of  where  it  now 
joins  the  Ganges. 

In  1852,  the  Hoang  Ho  burst  its  bank  250  miles 
inland,  and  cut  out  a  new  channel,  which  discharged  its 
contents  into  the  ocean  500  miles  from  its  old  mouth ;  but 
the  calamity  which  overshadows  all  others  was  the  flood 
of  1887,  previously  mentioned,  which  laid  a  tract  of 
country  much  larger  than  Wales,  or  at  least  10,000 
square  miles  in  extent,  from  ten  to  thirty  feet  under 
water,  and  destroyed  the  lives  of,  it  is  said,  nearly  seven 
millions  of  people.  Although  the  Chinese  built  another 
embankment,  at  a  cost  of  ;^2, 000,000,  it  was  again  carried 
away  in  1888,  thus  exemplifying  the  capricious  nature 
of  these  earthwork  barriers  in  Asiatic  countries. 

This  branch  of  engineering  chiefly  refers  to  the  work* 
ing  of  rivers  and  tidal  estuaries,  and  possesses  two  distinct 
features ;  one  of  which  involves  a  correct  knowledge  of 
the  silting  process,  just  described  ;  and  the  other,  of  the 
scouring  powers  of  running  water.  When  the  ciurents 
caused  by  the  tide  are  sufficiently  strong  at  any  particular 
place,  the  scouring  effect  thus  produced  will  shew  itself 
by  local  deepening  of  the  channel,  and  this  is  especially 
observable  in  seaports  such  as  Liverpool.  The  action  of 
the  Mersey  on  its  channel  and  estuary,  clearly  illustrates 
what  takes  place  more  or  less  in  other  navigable  rivers, 
according  to  the  nature  of  their  beds ;  and  the  cause  of 
this  action  is  the  enormous  volume  of  water  which  rushes 
through  the  narrow  passage  opposite  Birkenhead,  and 
fills  the  greatly  expanded  upper  reaches  of  the  river.  A 
vast  reservoir  is  thus  formed,  which,  on  discharging  its 
contents  by  the  ebb-tide,  creates  sufficient  scouring  power 
to  keep  the  estuary  channel  sufficently  free  from  silt. 
The  Forth  provides  a  good  example  of  what  may  be 
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done  in  time  by  rapid  currents  similarly  originated,  and 
passing  over  alluvial  beds.  On  both  sides  of  Inchgarvie 
Island,  which  forms  one  of  the  pier  foundations  of  the 
great  bridge,  the  narrow  passages  have  been  scoured  out 
to  a  depth  of  180  to  about  220  feet,  but  shallow  rapidly, 
as  the  river  widens  both  above  and  below.  The  most 
wonderful  of  all  rivers  in  this  respect,  however,  is  the 
Saguenay,  in  Canada,  a  tributary  of  the  St.  Lawrence, 
whose  astonishing  depth  of  600  to  900  feet  is  maintained 
throughout  nearly  the  whole  of  its  length. 

One  of  the  most  ciurious  and  instructive  examples  of 
the  manner  in  which  scour  may  be  created,  is  to  be  found 
at  Coney  Island,  near  New  York,  where,  in  1888,  a  hotel 
three  stories  high,  465  feet  long,  by  150  feet  broad,  and 
weighing  5,000  tons,  had  to  be  removed  bodily,  on  wheel 
work  framing,  a  distance  of  239  feet  inland.  The  cause  of 
this  was  the  construction  of  protecting  sea  walls  on  the 
adjacent  property,  which  had  thus  produced  an  amount 
of  scouring  power  sufficient  to  carry  away  the  beach  in 
front  of  the  hotel,  and  allow  the  sea  to  encroach  to  such 
a  dangerous  extent  upon  the  building,  as  to  necessitate 
an  alteration  of  its  position. 

The  greatest  work  of  modem  times  is  the  Ordnance 
Survey  of  the  United  Kingdom,  which  was  begun  in 
1784,  and  has  been  continued  without  intermission  ever 
since.  At  the  end  of  1885  the  staff  of  Royal  Engineers 
and  Civil  Engineers  thus  engaged  numbered  3,240,  and  it 
is  now  expected  that  the  whole  of  the  survey  will  soon 
be  completed.  We  may  here  observe  that  a  cadastral 
survey  is  carried  on  by  means  of  a  series  of  triangles 
proceeding  from  a  base  line — ^that  is,  a  piece  of  level 
ground,  usually  about  five  miles  long — which  is  measured 
by  chain  in  the  most  exact  manner.     Upon  this  base  line 
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a  triangle  is  formed,  and  the  length  of  the  two  unknown 
sides  computed  by  trigonometry.  From  the  primary 
triangle  other  triangles  are  formed  and  similarly  calcu- 
lated, until  the  series,  extending  like  a  network  all  over 
the  country,  is  completed.  These  measurements,  how- 
ever, have  also  to  be  verified  by  other  base  lines,  termed 
'*  bases  of  verification." 

As  an  illustration  of  the  marvellous  accuracy  of  the 
survey,  it  has  been  found  that  the  length  of  those  base 
lines,  calculated  from  the  original  one  by  trigonometry 
through  all  the  intervening  triangles,  coincides  within 
four  inches  of  the  length  actually  measured  by  chain.  We 
have  thus,  from  one  or  two  meastured  spaces,  a  system  of 
triangulation  worked  out  over  the  whole  country,  and  its 
area  and  the  relative  geographical  position  of  every  spot 
on  its  siurface  fixed  for  all  time. 

Previous  to  1840,  a  scale  of  z  inch  to  the  mile  was 
largely  adopted,  after  that  the  6-inch  scale  was  used ;  but 
the  four  northern  counties  of  England  were  re-surveyed, 
and  maps  published  to  a  scale  of  25  inches  to  one  mOe. 
It  is  impossible  to  form  an  adequate  idea  of  the  in- 
estimable benefit  conferred  upon  the  nation  by  this  vast 
undertaking.  It  has  proved  of  great  value  in  matters  of 
the  highest  public  interest,  including  the  drainage  of 
land,  water  works,  railways,  and  engineering  projects 
generally.  And,  as  a  practical  example  of  the  public 
advantage  thus  obtained,  as  well  as  of  the  vastness  of 
the  work,  it  may  be  mentioned  that,  on  a  recent  occasion, 
no  less  than  453,000  maps  were  required  by  the  Boundary 
Commissioners  to  enable  them  to  carry  out  their  in- 
vestigations. 

These  few  remarks  will  perhaps  serve  to  show  the 
great    advantages    conferred    upon    the    world    by    the 
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'*  Civil  '*  branch  of  the  profession.  It  must  be  borne  in 
mind  however,  that  although  the  ancient  undertakings 
mentioned  in  this  chapter  might  well  have  been  carried 
out  in  the  past  with  the  aid  of  Ihe  pickaxe,  the  spade, 
armies  of  workmen,  and  unlimited  time,  the  mechanical 
resources  of  modem  times  are  now  so  enormous  as  to 
render  Civil  engineering,  even  on  the  most  colossal 
scale,  perhaps  still  more  of  an  **  elegant  and  intellectual 
recreation  "  than  it  was  supposed  to  be  by  some  of  the 
members  of  the  legal  profession  in  the  early  days  of 
railways. 
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CHAPTER  VIII. 

PRACTICE     OF    ENGINEERING. 

Preliminaries  of  Contract  for  Merchant  Ships — ^For  Ships  of  War — 
Conference  between  Shipowner,  Builder  and  Engineer — Description 
of  proposed  Ships  and  Engines — ^The  Estimate — Contract  settled — 
Drawing  Office — How  Working  Plans  are  prepared — Good  and 
Bad  Engineering — Chief  Draughtsman — Results  of  interference  by 
unqualified  people^Style  and  system  in  modem  working  drawings — 
Also  in  olden  times  —  Swell  Draughtsman  from  Maudslay's?  — 
Heliographic  Process— «  John  Russell's  Sailor  *'—<*  Urgent  *'  Plans 
of  Machinery  for  Ironclads. 

So  FAR  as  we  have  gone,  the  history  of  engineering  has 
been  very  briefly  touched  upon,  because  those  who  wish 
to  study  it  fully  may  do  so  in  many  well-known  books, 
especially  those  of  Samuel  Smiles,  such  as:  Lift  of 
George  Stephenson;  Boulton  S*  Watt;  Lives  of  the  Engineeers; 
Life  of  Sir  William  Fairbaim;  and  his  recent  production, 
]fames  Nasmyth;  all  of  which  will  be  found  interestingly 
instructive  to  those  who  like  this  kind  of  literature. 

I  have  described  works  on  the  Clyde  and  Mersey,  and 
in  the  latter  have  referred  to  the  principals,  glanced  at 
the  manager, — mentioned  the  peculiarities  of  some  in 
the  drawing  office,—- explained  the  duties  of  foremen  and 
workmen,  and  enlarged  considerably  on  the  apprentice 
question.  In  all  cases  I  have  given  my  own  experience 
of  them  during  many  years'  practice  in  their  midst,  and 
now  propose  to  give  a  rough  sketch  of  the  operations 
usually  adopted  in  the  construction   of  marine  engines 
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and  ships.  Whilst  attempting  to  do  this,  it  is  not  neces- 
sary to  refer  to  any  particular  establishment,  because 
first-class  firms  generally  do  not  vary  much  in  their 
system  of  management.  The  descriptions,  will,  however, 
be  largely  drawn  from  what  I  knew  of  the  Birkenhead 
Iron  Works,  and  other  places  I  have  been  associated  with. 

Let  us  suppose,  for  example,  that  a  shipowning  firm 
wish  a  few  additional  vessels  built  for  a  particular  service 
and  with  a  certain  speed,  cargo  and  passenger  capacity, 
draught  of  water,  and  so  on.  This  would  be  right  enough 
for  the  merchant  service,  but  for  home  or  foreign  govern- 
ments,  the  "cargo  and  passenger  capacity"  is  an  unknown 
quantity,  except  in  troopships.  In  gunboats,  armed 
cruisers,  ironclads,  and  others,  a  somewhat  different  set 
of  conditions  is  adopted. 

If  the  Admiralty  desire  an  ironclad  of  say  6,000  tons, 
built  in  a  private  yard,  and  in  accordance  with  the  latest 
and  most  improved  principles,  they  will  either  submit 
their  own  plans  and  specifications  to  people  they  invite 
estimates  from,  or  they  may  give  only  a  few  leading  par- 
ticulars of  ship  and  engines,  and  leave  certain  favoured 

,  firms  to  design,  in  a  sketchy  style,  what  thty  consider  the 

• 

best  arrangement,  reserving  to  themselves,  however,  the 
right  of  judgment  in  such  matters,  and  also  the  selection 
of  the  most  suitable  firm  to  whom  to  give  the  contract. 

In  the  merchant  service  this  last-named  system  is 
frequently  employed  in  a  greater  or  lesser  degree;  but 
at  other  times  the  shipowner,  through  his  consulting 
engineer,  somewhat  sketchily  designs  his  own  ships, 
and  then  requests  builders,  etc.,  to  estimate  for  their 
construction  in  accordance  with  these  plans,  and  also  a 
specification,  which  is  a  very  carefully  written  document, 
giving  in  detail  the  leading  proportions,  material,  work- 
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manship,  and  other  conditions  too  numerous  to  mention 
here,  in  reference  to  the  required  work.  But  even  in  this 
case,  full  liberty  is  igiven  to  engineers  to  adopt  their  own 
most  approved  methods  of  executing  those  details. 

It  may  so  happen,  however,  that  a  Company  has  had 
a  number  of  successful  vessels  built  and  engined  on 
suitable  terms,  and  with  the  least  trouble  to  themselves, 
by  firms  in  which  they  have  every  confidence,  such  as  for 
example  in  olden  times,  the  Peninsular  and  Oriental 
Company  and  Tod  &  Macgregor ;  also  the  Cunard  Com- 
pany and  Napier.  Now,  if  a  steamship  owner,  even  at 
the  present  day,  wishes  to  act  in  a  similar  manner,  he  will 
hold  a  conference  with  the  builders,  and  thus  arrange 
speedily  all  that  may  be  necessary  regarding  the  new 
ships,  and  in  furtherance  of  his  views  will  pay  them  a 
visit,  when  he  will  be  most  cordially  received  by  the 
principal  partner, — ^who  is  probably  the  director  in  the 
ship  department, — and  also  the  engineering-manager, 
both  of  whom  will,  very  likely,  conduct  the  interview 
in  the  following  manner : — 

The  latter  gentleman  telephones  to  the  drawing  ofiice, 
*'  Send  down  immediately  the  general  plans  of  engines 
8oi  and  8i6."  The  draughtsman,  or  apprentice  who 
replies,  now  opens  a  large  drawer,  containing  a  great 
variety  of  similar  plans,  in  the  fire-proof  room,  and  upon 
finding  what  he  wishes,  takes  them  downstairs. 

"  Now,*'  says  the  manager  to  his  client,  spreading  out 
the  drawings  on  a  large  table,  *'  here  are  the  plans  of  two 
fine  sets  of  triple  expansion  engines  we  made  recently 
for  the  *  Hispania  *  and  *  Corcovadore,*  which  gave  great 
satisfaction ;  they  worked  remarkably  well  upon  a  very 
small  consumption  of  coal,  and  indicated  about  4,000 
horse-power. 
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'*  Very  admirable  arrangements  indeed,**  replies  the 
shipowner,  "  and  as  those  of  the  same  type  you  have 
already  supplied  us  with  have  been  most  economical, 
I  think  you  could  not  do  better  than  make  similar 
machinery  for  our  new  vessels,  but  of  much  greater 
power.  You  are  also  quite  at  liberty  to  introduce  any 
novelty  or  improvement  you  may  consider  advisable." 

A  lively  discussion  now  takes  place  upon  the  relative 
merits  of  different  kinds  of  engines  and  ships,  in  which 
they  all  join.  The  senior  partner  has  a  good  deal  to  say 
about  "  style  of  ship,"  "  watertight  bulkheads,"  **  economy 
of  steel  in  construction,  in  reference  to  increased  carry- 
ing capacity,"  and  other  matters  which  the  visitor  quite 
agrees  with.  The  manager  also  fluently  describes  in 
detail  his  ideas  about  "  long  stroke,"  ''  rate  of  expan- 
sion," "  high-pressure  steam,"  "  simple  arrangements^" 
"steel  shafts,"  "steel  boilers," — so  on  and  so  forth — 
in  all  of  which  he  is  ably  confirmed,  in  a  general  way, 
by  the  shipbuilder,  until  the  client  feels  he  is  in  the 
presence  of  people  who  know  everything^  and  this  causes 
him  to  think  that  his  proposed  vessels  could  not  be 
placed  in  safer  hands. 

During  this  interview,  three  talented  people  have 
discussed  in  the  happiest  possible  manner,  and  with  the 
greatest  intelligence  and  ease,  a  scheme  which  involves 
an  outlay  of  several  hundred  thousand  pounds,  quite  as  if 
it  were  an  everyday  occurrence.  They  have  all  been 
perfectly  above  saying  anything  that  was  not  absolutely 
correct,  and  free  from  that  colouring  which  inferior  per- 
sons so  often  adopt,  but  they  are,  nevertheless,  masters  of 
the  art  of  "  putting  things,"  and  also  of  clothing  their  ideas 
in  expressive  and  elegant  language.  In  short,  this  confer- 
ence has  enabled  them  to  explain  all  that  was  necessary, 
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and  the  only  thing  that  now  remains  is  to  arrange  about 
the  cost  of  the  ships.  Before  the  ship-owner  leaves  the 
office,  the  following  particulars  are  agreed  upon,  on  which 
the  builders  are  to  base  their  estimate  for  the  vessels, 
complete  in  every  respect, 

"Three  steel-built  steamships,  length  over  all,  460 
feet ;  beam,  49  feet ;  depth  of  hold,  35  feet  6  inches. 
Each  vessel  to  have  accommodation  for  126  first  class, 
154  second  class,  and  400  steerage  passengers. 

'*  Engines  to  be  of  the  triple  expansion  t3rpe,  and 
6,000  indicated  horse  power.  The  crank  shaft,  tunnel 
and  screw  shafts  to  be  of  Vickers'  mild  steel,  and  the 
propellers  to  be  of  cast  steel,  with  movable  blades. 

*•  Boilers  to  be  of  steel  of  the  most  approved  quality, 
with  Fox's  corrugated  furnaces,  and  capable  of  carrying  a 
steam  pressure  of  160  pounds  per  square  inch. 

*<  Design,  material,  and  workmanship  to  be  in  every 
respect  of  the  highest  class,  and  speed  of  ships  on  trial 
trip  to  be  16J  knots  per  hour.** 

The  above  simple  and  expeditious  method  of  des- 
cribing a  shipowner's  requirements  is  adopted  in  this 
case  because,  with  the  exception  of  the  modifications 
referred  to,  the  builders  know  almost  exactly,  from  past 
experience,  what  is  desired,  as  they  possess  full  specifica- 
tions of  similar  vessels  supplied  to  the  same  firm, 
between  whom  and  themselves  the  greatest  confidence 
exists.  Were  it  otherwise,  a  carefully  prepared  specifica- 
tion would  have  been  drawn  up  by  the  owner's  consulting 
engineer,  lithographed  copies  of  which  would  have  been 
sent  to  engineers  and  shipbuilders  who  were  "  invited " 
to  tender  for  the  contract. 

In  the  course  of  a  few  days,  our  friend  the  eminent 
steamship  owner  receives  a  statement  of  cost  of  the  pro- 
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posed  addition  to  his  fleet,  which  is  carefully  examined 
and  commented  upon  in  his  private  office.  "These 
people/'  he  observes,  "  ask  a  high  price  for  the  three 
ships  and  I  know  I  could  get  a  lower  estimate  else- 
where, but  they  turn  out  splendid  work,  and  we  shall 
make  up  for  the  extra  expenditure  by  economy  in  repairs 
and  maintenance."  The  other  partners  of  the  firm  express 
the  same  opinion,  so  without  further  delay,  the  contract 
is  handed  over  to  the  builders,  with  strict  injunctions 
to  execute  it  as  speedily  as  possible. 

In  bridge,  roof,  and  other  work,  however,  of  a  more 
r^^ar  character,  "Quantities  of  Materials*'  are  also 
added  to  the  specification,  and  thus  estimates  can  be 
given  with  greater  exactness  and  less  trouble.  But  how- 
ever binding  this  arrangement  may  be  upon  both  parties, 
there  is  always  provision  made  for  alterations  which  may 
suggest  and  develop  themselves  as  the  work  proceeds, 
involving,  it  may  be,  an  increase  or  perhaps  a  reduction 
in  the  cost,  and  this  is  clearly  understood  by  those  who 
give  the  order,  as  well  as  by  the  people  who  execute  it. 

The  Drawing  Office. 

In  good  establishments,  the  drawing  office  is  prac- 
tically the  seat  of  government.  The  fact  is  that  this 
department  locks  or  unlocks  the  whole  of  the  compli- 
cated and  extensive  machinery  of  the  works,  and  a  great 
deal  that  is  outside  of  them  as  well.  In  short,  all  the 
immense  capital  that  may  be  provided  for  carrying  out 
some  great  scheme  remains  idle  until  set  in  profitable 
motion  by  the  scientific  staff,  who  have  to  provide  plans 
and  details  of  ever3rthing,  large  and  small,  before  the 
workmen  can  do  anything. 

When,  therefore,  an  order  is  received,  such  as  the  one 
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we  have  mentioned,  it  is  at  once  handed  over  to  the 
drawing  office  authorities,  who  initiate  the  first  move- 
ments. The  diameters  and  stroke  of  the  steam  cylinders 
having  been  already  fixed,  a  preliminary  sketch  design,  to 
a  small  scale,  consisting  of  firont  and  side  elevations,  and 
also  plan,  is  begun  with  the  object  of  ascertaining  the 
general  arrangement  of  parts,  in  which  numerous  calcula- 
tions, and  large  scale  details  of  a  temporary  character, 
and  roughly  executed,  are  of  great  assistance. 

After  finding  the  size  of  crank  shaft,  distance  apart  of 
centre  lines  of  engines,  and  also  centres  and  diameters  of 
air  and  circulating  pumps,  and  dimensions  of  condenser, 
etc.,  the  working  design  is  commenced  to  a  scale  of  at 
least  one  inch  to  one  foot  on  a  sheet  of  web-paper  damp- 
stretched  on  a  large  drawing  board.  When  this  is  done, 
the  general  arrangement  of  details,  which  have  afterwards 
to  be  separately  designed  and  considered,  is  proceeded 
with,  while  working  drawings  of  some  of  the  details  them- 
selves are  put  in  hand. 

These  are  drawn  to  various  scales,  according  to 
circumstances,  but  i^  inches  and  3  inches  to  one  foot, 
half  size,  and  for  small  gear,  full  size,  are  very  generally 
used.  Everything  has  to  be  most  carefully  and  patiently 
worked  out  with  the  greatest  accuracy  and  elaboration, 
and  every  dimension  figured  so  that  neither  scales  nor 
foot  rules  need  be  applied  in  the  shops,  except  for  the 
purpose  of  checking,  if  required.  In  this  last  operation 
every  line  and  every  figure  has  to  be  critically  examined, 
rectified,  or  added  to,  before  the  draughtsman  will  allow  a 
tracing  of  the  drawing  to  go  into  the  works,  and  after  all 
this  is  done,  it  is  surprising  sometimes  how  errors  will 
creep  in,  in  spite  of  every  efibrt  made  to  avoid  them. 

These  inaccuracies,  however,  are  very  seldom  worked 


CHAP.  viii.  AND  SOCIALLY  CONSIDERED.  123 

to»  perhaps  they  flash  unbidden  into  the  draughtsman's 
mind  when  he  is  going  home  at  night»  the  manager  may 
possibly  detect  them»  but  sometimes  it  is  the  foremen 
or  workmen  who  make  the  discovery,  and  get  them  put 
right  in  the  office. 

It  is  at  this  point  where  the  very  highest  practical  and 
theoretical  skill  of  the  engineer  is  most  required,  and 
where  any  mistake  may  easily  cause  serious  results  if 
not  detected  in  time.  Numerous  calculations  have  to 
be  made,  verified,  and  compared  with  past  practice — ^the 
'*  Theory  of  strains  '*  is  fully  worked  out,  so  also  is  the 
"  Strength  of  materials,"  and  between  these  two  valuable 
branches  of  engineering  science  the  proper  proportions  of 
all  the  parts  is  determined,  and  the  work  proceeds. 

However  excellent,  from  a  scientific  point  of  view, 
these  proportions  may  be,  they  are  all  more  or  less  over- 
ruled by  practical  considerations,  which  generally  cause 
greater  strength  to  be  given  to  the  details  than  theory 
alone  would  indicate,  and  in  this  respect  good  designers 
generally  keep  well  on  the  safe  side  in  everything. 
Another  most  important  consideration  is  "  Construction/' 
since  upon  this  depends  the  economical,  or,  indeed,  pos- 
sible execution  of  all  the  parts,  and  also  the  accessibility 
of,  and  facility  in  working  and  repairing  the  engines  at 
sea.  On  all  these  points  the  skilled  draughtsmen,  in 
whose  hands  the  drawings  are  now  placed,  as  well  as  the 
manager  who  superintends  them,  have  many  opportuni- 
ties of  realizing  the  value  of  their  early  training. 

It  is  here,  too,  that  the  difierence  between  good  and 
bad  engineering  begins  to  show  itself.  Under  the  former, 
and  with  due  care  and  constant  vigilance,  ever3rthing  goes 
on  well,  the  progress  in  the  shops  is  rapid  and  satisfac- 
tory, patternmakers,  founders,  turners,  fitters,  erectors 
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and  others  all  work  together,  and  when  the  engines  and 
ship  are  completed  and  sent  to  sea,  the  result  is  most 
gratifying  to  all  concerned. 

With  bad  engineering  the  case  is  very  different,  since 
at  the  outset,  grave  errors  may  creep  in  which  threaten 
the  life  of  the  machinery.  Boilers  may  be  too  small, 
condensing  surface  insufficient,  steam  ports  and  valves 
improperly  proportioned ;  patterns  are  made  which  cause 
cracked  or  unsound  castings ;  forgings,  and  other  parts 
are  made  of  an  unnecessarily  expensive  and  unsuitable 
form  ;  indeed,  much  may  be  done  unwittingly  to  bring  in 
the  end  heavy  financial  loss,  decreased  prestige,  and  loss 
of  clients. 

As  an  illustration  of  this,  it  may  be  mentioned  that 
while  visiting,  some  years  ago,  a  marine  establishment 
which  had  been  added  to  a  small  shipbuilding  yard,  I 
observed  a  few  wretchedly  designed  working  drawings  of 
machinery  in  the  shops,  and  also  a  curious  looking  cast- 
ing of  a  "  bed  plate "  in  the  yard  without  any  holding 
down  bolt  holes  or  flanges  for  fixing  the  engines  to  the 
keelsons.    These  engines  proved  a  failure. 

The  same  thing  happened  a  few  years  ago  to  a  large 
and  costly  pumping  engine  for  water  works  in  America, 
simply  through  bad  design;  and  not  long  since,  a  large 
ocean  steamer  had  new  machinery  which  could  not  give 
out  the  power  required ;  and  another  vessel  •«  improved  *' 
boilers  which  would  not  work  properly  until  important 
and  extensive  alterations  had  been  made  in  them. 

This,  therefore,  is  the  point  where  three  distinct 
classes  of  engineers  begin  to  manifest  their  powers. 
Those  who  adhere  rigidly  to  old  ideas  because  long 
practice  has  shewn  their  value,  notwithstanding  that 
better,    though  newer,   systems  are  within  easy  reach. 
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Those  who  are  always  on  the  look  out  for  novelties,  or 
rather  the  numerous  "  improvements  "  which  enterprising 
inventors  are  so  delighted  to  introduce,  and  so  ready  to 
prove  capable  of  doing  great  things.  And,  lastly,  those 
who — taking  a  middle  course — reject  the  old  but  well 
known  systems,  in  favour  of  modem  innovations  which 
their  own  sound  judgment  indicates  must  be  really  bene- 
ficial. This,  it  may  be  added,  is  the  true  reason  why 
marine  and  other  machinery  of  the  present  time  is  so 
greatly  superior  to  that  of  earlier  years,  in  strength  com* 
bined  with  lightness,  and  also  in  general  suitability  and 
economical  construction.  The  requirements  of  engineer- 
ing drawings,  which  may  represent  very  many  thousand 
pounds  worth  of  good  work  in  one  order  alone,  will  thus 
we  hope,  be  clearly  understood. 

The  presiding  genius  of  the  drawing  office  is  the  head 
draughtsman,  whose  duties  are  perhaps  more  anxious  and 
harassing  than  those  of  any  other  head  of  department  in 
the  work&  Besides  possessing  high  scientific  attainments, 
he  must  have  a  thorough  knowledge  of  the  possible  and 
impossible,  and  also  the  simplest  and  best  systems  of 
construction.  As  a  complete  set  of  drawings  for  marine 
engines  are  elaborate,  expensive,  and  require  much  time 
in  execution,  a  large  amount  of  administrative  ability  is 
necessary  to  keep  all  the  others  going,  so  as  to  lose  as 
little  time  as  possible. 

When  many  orders  are  in  hand,  the  '*  chief  *'  has  a 
very  busy  time,  having  not  only  his  own  special  work  to 
do,  but  also  to  supervise  every  drawing  and  examine 
every  tracing  made  in  the  office  before  it  is  sent  to  its 
re^>ective  depattment.  The  regular  draughtsmen  have 
all  their  own  responsibility  to  bear  for  any  mistakes  that 
may  occur  through  wrong  figures  or  lines,  or  misinterpre- 
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tation  of  plans  for  want  of  clearness,  or  insufficiency  of 
views ;  and,  although  the  chief  draughtsman  cannot  be 
expected  to  cheick  everything,  he  nevertheless  verifies, 
to  some  extent,  the  proportions  and  arrangements  of 
machinery  before  they  leave  his  hands.  A  certain  amount 
of  mental  toughness  is  also  required  to  protect  him  from 
the  meddling  propensities  of  heads  of  firms,  and  managing 
directors  or  others,  whose  position  may  entitle  them  to 
advise  professionally,  without  being  qualified  to  give  their 
opinions  on  such  points. 

However  clever  and  able  these  gentlemen  may  be  in 
general  business,  they  often  damage  their  own  interests 
as  well  as  those  of  their  draughtsmen  by  this  line  of 
action.  Most  of  our  best  modem  engineers  are  thorough 
masters  in  design  as  well  as  in  practice,  and,  therefore, 
know  exactly  how  to  advise,  or  even  to  receive  counsel 
in  the  drawing  office.  Others  cannot  do  so ;  and  the 
consequence  is,  that  the  principal  in  this  department  is 
sometimes  worried  when  work  is  in  a  hurry  with  their 
proposed  alterations,  which  are'  an3rthing  but  "  improve- 
ments." 

There  is  a  vast  amount  of  time  thus  lost  which  cannot 
be  clearly  realised,  as  an  alteration  made  in  what  appears 
to  be  only  one  drawing  may  involve  erasures  and  additions 
in  many  more,  which  is  bad  enough  if  the  plans  are  still 
in  the  office;  but  expensive  as  well  as  troublesome,  if 
patterns  and  forgings  are  partly  made  from  them.  If  a 
director,  therefore,  fancies  that  increasing  the  stroke  of 
engines,  say,  from  four  feet  six  inches  to  five  feet,  when 
the  details  are  well  in  hand,  is  a  trifle,  he  will  be  much 
mistaken. 

A  good  chief  draughtsman  in  a  large  marine  establish- 
ment is  accomplished  in  many  ways.     He  is  generally  one 
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who  has  closely  and  persistently  studied  everything  in  his 
profession — ^has  worked  while  others  played — and,  in 
course  of  time,  has  accumulated  an  immense  quantity  of 
rules,  tables,  memoranda,  data,  etc.,  from  his  own  and 
from  other  people's  practice.  These  are  invaluable,  as 
they  enable  him  to  design  and  proportion  the  most 
important  work  with  facility  and  confidence,  whether  for 
a  firm,  or  on  his  own  account  at  a  future  time. 

When»  therefore,  an  inexperienced  proprietor  says  to 
him,  "  I  am  afraid  you  have  not  made  that  strong  enough, 
or  this  light  enough,"  or  comes  into  the  office  with  his 
head  full  of  "  ideas "  he  wishes  carried  out,  it  will  be 
easily  seen  that  a  principal  draughtman's  lot  is  not 
always  a  happy  one,  particularly  when,  in  addition  to 
these  unnecessary  changes,  he  has  to  push  on  the  work 
expeditiously,  see  that  everything  is  right,  and,  if  any- 
thing breaks  when  the  engines  are  at  sea,  probably  get 
the  blame  of  it. 

The  style  in  which  drawings  are  prepared  is  of  the 
highest  importance.  The  practice  pursued  in  some 
offices,  of  unduly  hurrying  them,  is  perhaps  more  per- 
nicious than  that  of  allowing  dawdling  and  idleness  to 
prevail.  Before  a  drawing  can  be  properly  understood, 
the  piece  of  machinery  it  represents  must  be  clearly  and 
fuDy  shewn  in  a  sufficient  number  of  views,  and  if  any 
one  of  these  is  left  out  through  a  wish  to  economise  time, 
the  detail  is  very  likely  to  be  made  wrong,  unless  one  of 
the  foremen  insists  upon  having  the  additional  view  put 
in.  Every  engineer,  therefore,  who  designs  or  executes 
work,  knows  this  well,  perhaps  occasionally  to  his  sorrow. 
Another  source  of  error  and  trouble  is  sending  out  trac- 
ings carelessly  or  insufficiently  dimensioned,  under  the 
belief  that  the  foremen  or  workmen  can  measure  them 
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with  their  foot  rules.  This,  we  need  hardly  say,  is  a 
vicious  practice,  and  entails  mischief  and  loss  in  various 
ways. 

In  the  Birkenhead  Iron  Works,  and  other  similar 
places,  every  working  drawing,  large  and  small,  is  so  fully 
and  carefully  figured,  that  no  one  need  at  any  time  apply 
a  rule  or  scale,  except  for  the  purpose  of  verifying  some 
doubtful  measurement.  In  this  way  the  work  is  greatly 
facilitated,  and  the  risk  of  error  reduced  to  a  minimum. 
Besides  this,  everyone  in  the  office  knows  exactly  how 
things  have  been  made,  when  referred  to  in  future,  and 
should  any  departure  from  the  original  become  necessary, 
the  plan  is  altered,  even  to  the  smallest  bolt  holes, 
generally  in  red  lines — to  shew  the  distinction — before 
anything  can  be  done  with  it  in  the  shops. 

In  olden  times  they  seldom  troubled  themselves  about 
office  alterations.  If  the  manager  saw  anything  outside 
which  he  could  possibly  improve,  he  simply  said  to  the 
foreman,  **  Make  that  a  little  thicker,"  or  "  I  wouldn't  put 
quite  so  much  metal  there,"  and  if  the  bolts  were  not 
quite  to  his  mind,  directions  would  be  given  to  alter  them 
from  Jths  to  i-in.  diameter,  or  from  5^in.  to  6-in.  pitch, 
no  notice  being  taken  of  the  drawings,  and  thus  no  one 
exactly  knew  where  they  were  unless  they  saw  the  thing 
when  made. 

The  above  described  modern  system  is  in  every 
respect  most  admirable.  With  some  firms,  however,  it 
has  a  deterrent  aspect  because  it  is  costly,  and  requires  a 
large  staff  of  draughtsmen  ;  but  the  saving  of  labour  and 
time  and  loss  from  other  causes  in  the  works,  combined 
with  easy  adaptation  of  the  drawings  to  similar  engines 
and  boilers  in  future,  is  a  sufficient  recommendation. 

The  usual  practice  is  for  the  regular  hands  to  make 
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{iill  and  correct  plans  of  what  is  required,  and  then  get 
the  apprentices,  or  perhaps  young  ladies — as  in  Denny*s, 
and  elsewhere — to  trace  them  on  transparent  linen, — if 
for  the  shops, — or  on  tracing  paper  if  to  send  by  post. 
The  former  is  very  tough  and  durable,  and  lines  and 
figures  in  Indian  ink  or  colours  can  easily  be  taken  out  by 
washing  them  delicately  with  a  brush,  and  drjring  up  with 
blotting  paper.  If  a  similar  operation  is  required  for 
tracing  paper,  wet  the  lines  as  before,  drying  with  blot- 
ting paper,  and  while  they  are  damp  rub  them  with 
vulcanised  indiarubber,  and  they  will  come  out  as  cleanly 
as  if  they  had  never  been  put  in. 

Writing  about  draughtsmen  and  drawings  puts  me  in 
mind  of  a  gentleman  who  came  to  Laird's  when  I  was 
there.  He  was  a  handsome,  stylish-looking  man,  of  about 
thirty-five,  and  was    formally  introduced  to  us  all  by 

Mr.  B ,  our  chief.      We    bowed,  smiled,   and  said 

pleasant  things,  and  fancied  our  new  comrade  might  have 
been  a  swell  firom  Penn's  or  Maudslay's,  but  when  he 
made  a  start  he  did  not  seem  to  know  much.  The  turn- 
ing gear  for  a  pair  of  engines  was  given  him  to  draw,  but 
he  had  to  ask  what  the  '*  pitch  line  of  the  wheel  '*  meant. 
Ultimately  he  struggled  through  somehow  or  other. 
Afterwards  he  had  to  make  a  small  scale  drawing  from  a 
traciag^f  the  machinery  end  of  an  Egyptian  firigate,  but 
here  he  was  out  of  his  depth  entirely,  and  someone  else 
had  to  do  the  plan  over  again. 

We  saw  no  more  of  our  friend  after  this  performance, 

but  often  wondered  how  the  talented  Mr.  B could 

have  brought  such  a  '<  dufier  "  to  the  place.  My  own  idea 
is,  that  he  must  have  known  him  long  before  as  a  gentle- 
man apprentice  with  means,  one  of  those  festive  youths 
who  can  spend  five  years  in  a  first-class  establishment 
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without  learning  anything  useful,— and  that  he  may  have 
exhausted  his  fortune  in  various  ways,  like  the  prodigal  of 
old,  and,  when  it  was  gone,  had  taken  up  engineering 
again  to  make  a  living.    Such  at  least  was  my  theory, 

since  Mr.  B was  as  reserved  and  reticent  in  character 

as  his  predecessor,  Mr.  T ,  was  frank  and  genial. 

The  plan  of  keeping  drawings  in  the  office,  and  send- 
ing tracings  into  the  works,  is  reversed  in  some  places, 
but  I  cannot  see  the  advantage  of  it,  as  the  originals  get 
irreparable  damage  through  rough  usage.  Sometimes, 
however,  they  are  framed  and  varnished,  and  that  also  is 
objectionable.  At  other  times  the  drawings  are  kept 
clean  and  nice  in  the  office,  and  heliographs  taken  of 
them.  This  is  a  good  and  rapid  method  of  copying  plans 
that  are  thoroughly  matured,  and  not  likely  to  be  alt^ed 
in  any  way ;  but  when  you  have  the  apparatus  at  hand, 
it  is  not  difficult  to  take  new  and  amended  impressions 
if  required.  A  full  description  of- the  heliographic  process, 
by  Mr.  B.  H.  Thwaite,  C.E.,  is  given  in  Tht  Engineer 
of  December  24,  1886. 

The  various  systems  adopted  in  the  preparation  of 
engineering  drawings  above  mentioned,  have  reference 
chiefly  to  iirst-class  firms,  but  there  are  some,  no  doubt, 
who  seem  to  imagine  that,  so  long  as  they  turn  out  good 
work,  the  plans  may  be  done  in  any  sloppy,  o£f-hand 
style.  There  are  others,  however,  who  think  differently, 
and  we  commend  them  for  it,  especially  because  there 
are  so  many  people  in  the  world  who  reason  like  John 
Russell's  sailor.  John  was  a  fellow  apprentice  of  mine  at 
Denny's,  and  had  been  several  voyages  before  the  mast. 
Amongst  the  various  stories  he  used  to  tell  us  was  one 
about  a  coloured  sailor  on  board  his  ship,  who  always 
exclaimed  when  he  saw  anyone  do  something  difficult. 
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*'  Well !  well ! !  well ! ! !  —  de  man  dat  could  do  dat  ting 
could  make  a  chrononuUr  f' 

It  may  be  well  to  add  that  the  term  '*  picture  draw- 
ing/' so  much  used  by  engineers,  indicates  something 
▼ery  different  indeed  from  what  has  been  referred  to. 
Plans  of  this  description  are  of  the  high  art  species,  and, 
while  intended  to  give  non-professionals  a  clear  and 
general  idea  of  proposed  arrangements  of  machinery,  they 
are,  at  the  same  time,  expected  to  attract  their  admira- 
tion and  attention  by  means  of  beautiful  shading,  colour- 
ing, and  sometimes  shadowing  as  well.  Very  pleasing 
effects,  however,  of  a  similar  nature,  are  produced  simply 
by  the  drawing  pen  and  Indian  ink,  but  for  practical 
men,  good,  clear,  steady  lines,  well  laid  on  flat  tints,  and 
first-class  figuring,  are  quite  sufficient. 

I  have  said  that  we  were  seldom  pushed  with  our 
drawings  in  the  Birkenhead  Iron  Works;  sometimes, 
however,  when  necessity  demanded  it,  we  made  a  grand 
dash  to  enable  us  to  get  finished  in  time.  When  the 
engines  of  merchant  steamers  were  in  a  hurry,  we  worked 
steadily  and  earnestly  at  them,  and  lost  as  little  time  as 
possible,  but  some  of  our  greatest  efforts  were  spent 
over  Admiralty  orders  in  prospect,  or  for  those  in 
possession. 

On  one  occasion  we  had  a  tracing  of  a  large  plan  of 
machinery  to  prepare  for  an  ironclad  in  great  haste.  It 
was  big  enough  to  let  a  draughtsman  into  each  of  its  four 
comers,  and  away  we  drove  at  it  as  merrily  and  heartily 
as  we  possibly  could.  The  lines  and  circles  grew  rapidly, 
and  when  they  had  all  been  put  in,  we  turned  the  tracing 
paper  upside  down,  pinned  it  tightly  round  the  edges, 
and  laid  on  the  colours  in  light  flat  tints,  of  prussian  blue 
for  wrought  iron,  neutral  tint  for  cast  iron,  crimson  lake 
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for  copper,  yellow  ochre  for  brass,  and  darkened  all  aper- 
tures such  as  the  furnaces  of  boilers,  with  washes  of 
Indian  ink.  After  trimming  the  tracing  all  round,  we 
turned  its  face  uppermost  again,  and  when  the  finishing 
touches  had  been  put  in,  the  plan  had  a  handsome 
appearance,  and  no  doubt  created  the  desired  impression 
on  the  minds  of  their  Lordships  when  they  received  it. 

It  may  be  added,  that  all  tracings  should  be  coloured 
on  the  hack^  as  it  prevents  the  possibility  of  that  most 
unsightly  "running"  of  the  lines  or  figures,  when  put 
in  too  strongly.  Another  reason  is,  because  the  tints, 
when  looked  at  from  the  right  side,  have  a  subdued  and 
very  pleasing  appearance,  which  they  do  not  possess 
on  the  reverse  side  owing  to  the  nature  of  the  paper 
Or  cloth. 

On  another  occasion,  I  had  been  engaged  on  a  large 
"  general  arrangement "  drawing  for  a  twin  screw  iron- 
clad. To  the  uninitiated,  this  costly  and  important  plan 
could  only  appear  as  a  confused,  and,  in  some  places, 
intensified  conglomeration  of  lines,  every  one  of  them, 
however,  having  a  distinct  practical  meaning  which  will 
be  referred  to  further  on.  As  all  these  lines  were  in 
pencil,  and  a  few  additions  and  alterations  had  to  be 
made  before  tracing  the  drawing,  I  had  to  do  everything 
myself.  Firstly,  because  the  Admiralty  wished  the  trac- 
ing as  soon  as  possible,  and  secondly,  and  more  impor- 
tantly, because  I  was  anxious  to  get  away  for  my  holidays. 

It  was  one  of  those  cases  where  the  engineer  in  charge 
of  a  plan  has  no  time  for  anything  else,  and  is  so  carried 
away  by  the  urgency  of  the  work,  as  to  stand  by  it  almost 
like  a  slave  by  day  and  by  night.  If  this  were  unduly 
sustained,  some  of  our  constito^tions  would  get  out  of 
order,  and  perhaps  bring  on  an  attack  of  the  dismals. 
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To  avoid  such  an  evil,  however,  we  have  outbursts  of 
hilarity  occasionally,  which  do  us  great  good.  So  much 
indeed  has  this  been  the  case  with  myself,  that  I  would 
reconunend  all  men  and  women  who  are  closely  engaged 
in  intellectual  work,  to  relax  their  earnest  efforts  from 
time  to  time,  turn  their  minds  into  a  new  channel  by  way 
of  change,  and  fancy  themselves  boys  and  girls  again. 

Speaking  from  my  own  experience,  the  application  of 
this  principle  has  helped  to  keep  me  in  continuously 
splendid  health  and  elastic  spirits,  for  which  I  am 
extremely  grateful.  Celsus  advised  those  who  wished  to 
keep  in  good  health  to  have  a  vofuty  of  pursuits,  and 
think  of  many  things — this,  we  countersign  in  fulL 

After  three  weeks'  close  application,  the  tracing 
referred  to  was  satisfactorily  completed,  and  it  was  cer- 
tainly one  of  the  handsomest  and  most  elaborate  works 
of  art  that  ever  left  the  Birkenhead  establishment.  I 
cleared  out  just  in  time  to  catch  the  boat  for  Liverpool, 
and  then  the  train  for  the  north,  glad  enough  to  get  off 
for  a  little  change  and  relaxation.  That  was  many  years 
ago,  but  it  is  nevertheless  a  pleasant  reminiscence  of  by- 
gone and  very  prosperous  days. 

These  two  examples  just  mentioned  will  be  sufficient 
to  indicate  the  manner  in  which,  with  willing  hearts 
and  active  hands,  we  carried  through  our  work  when 
speed  combined  with  excellence  were  particularly  desired, 
and  will  no  doubt  represent  the  practice  of  the  present 
day  in  the  same  place,  under  similar  circumstances. 
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CHAPTER    IX. 

DRAWING    OFFICE    CALCULATIONS. 

Faulty  Design  and  Construction  of  early  Engines — ^Value  of  Hand 
Sketches — Accuracy  in  Working  Drawings — Two  distinct  systems 
of  Calculation — Simple  practical  rules  in  general  use — Method  of 
recording  leading  dimensions  of  Machinery — *'  Allowances  "  made 
by  Engineers — The  graphic  system  of  Calculation —Complicated 
Rules — How  to  construct  safe  Empirical  Formulae — Rational  Science 
Considerations— Drawing  Office  Practice — Value  of  Tabulated  Pro- 
portions— Economy  in  Design  and  Manufacture — Office  '<  Tables  '* — 
Sudden  changes  in  Engineering  Practice-Mostly  results  of  Inju- 
dicious **  Improvements  "  in  Machinery. 

There  is  nothing  in  the  whole  range  of  Engineering 
which  is  of  greater  importance  than  a  correct  knowledge 
of  the  science  of  proportion,  as  applied  to  the  multi- 
tudinous details  which  unitedly  constitute  a  statical  or  a 
d3mamical  structure,  and  this  will  be  apparent  to  everyone 
who  studies  the  subject  carefully.  There  was  a  time 
when  engineers  had  to  feel  their  way  by  a  kind  of  trial 
and  error  process,  but  their  failures  became  the  pillars  of 
success.  Not  only  were  all  the  parts  of  machinery  badly 
proportioned,  but  they  were  also  unskilfully  arranged,  and 
this  produced  many  evils  of  a  serious  nature. 

In  the  framings  of  early  side  lever  and  other  engines, 
the  architectural  orders  were  much  used,  and  while 
massive  columns  and  entablatures  may  have  been  con- 
sidered beautiful  adornments,  they  were,  at  the  same 
time,  excessively  heavy,  and  structurally  weak  at  vital 
points.    The  bearings  of   main   shafts    heated    greatly. 
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because  the  lubricants  were  squeezed  out,  on  account  of 
the  nibbing  surfaces  being  so  small  in  area  as  to  create 
excessive  friction.  Pins  were  fractured,  one  thing  after 
another  gave  way,  and  one  detail  after  another  was  added 
for  the  purpose  of  producing  greater  safety  in  working. 
For  instance,  some  of  the  early  marine  engines  had  no 
escape  valves  on  the  cylinders;  when  water,  therefore, 
got  into  them  through  condensation  of  steam,  or  through 
priming  of  boilers,  it  could  not  free  itself,  and  thus  the 
bottoms  of  the  cylinders  were  knocked  out,  or  the  pistons 
or  covers  were  smashed. 

The  early  engineers  had  thus  to  gain  their  experience 
by  sheer  practice,  and  in  time  machinery  became  greatly 
improved,  and  disastrous  boiler  explosions  much  reduced 
in  number,  as  their  defects  in  design  and  construction 
were  more  fully  realised. 

There  is  reason  to  believe  that  what  is  now  termed 
"  Drawing  office  practice "  was  at  this  period  almost 
unknown,  and  that  a  laige  amount  of  work  was  executed 
either  from  verbal  orders  given  to  the  foremen,  or  from 
rough  hand  sketches.  Those  sketches  have  been  very 
useful,  even  from  the  earliest  times,  and  will  always 
continue  to  be,  because  they  are  the  expressed  ideas  of 
their  originators,  and  form  the  bases  of  every  engineering 
scheme  as  a  whole,  or  as  a  detailed  part.  And  it  is 
from  those  rough,  though  carefully  considered,  designs — 
dimensioned  in  accordance  with  the  required  propor- 
tions— that  the  exact  and  elaborate  working  drawings  are 
now  prepared.  A  set  of  these  plans  ought  to  be  so 
complete  in  every  respect  that,  when  the  details  are  made 
from  them,  they  should  be  capable  of  erection  in  position 
with  the  least  amount  of  trouble,  and  thus  facilitate  the 
execution  of  a  contract. 
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Even  after  everything  has  been  done  to  perfect  a  new 
set  of  drawings,  there  is  always  something  to  amend  as 
the  work  proceeds,  and  as  one's  ideas. become  matured, 
which  cannot  be  avoided  if  the  highest  excellence  is 
aimed  at.  The  plans  for  Solomon's  Temple  at  Jerusalem 
are,  perhaps,  the  finest  example  of  correctness  on  record, 
because  all  the  various  parts  came  into  position  without 
even  the  sound  of  axe  or  hammer  being  heard  on  the 
premises.  It  is  probable,  however,  that  faulty  work  was 
removed  to  a  distance,  and  chipped  or  chiselled  to  fit. 

Two  distinct  systems  of  calculation  are  utilised  in  the 
profession,  one  of  which  is  adopted  by  pure  scientists  and 
philosophers — ^who  seem  to  float  in  a  sea  of  algebra  and 
mathematics — ^and  embraces  everything  that  is  learned 
and  perplexing.  The  other,  by  practical  engineers,  who 
aim  at  obtaining  what  they  require  in  the  simplest  and 
most  direct  manner.  The  former  is  exemplified  in  some 
engineering  books,  but  fi-equently  attains  full  maturity  in 
the  technical  journals,  whose  pages  are  sometimes  filled 
with  algebraical  and  other  calculations  of  a  wonder- 
fully intricate  character.  Even  practical  engineers  of 
eminence  have  not  been  free  from  this  cumbrous  system ; 
and,  in  some  instances,  have  given  in  their  books  rules 
and  formulae  very  difierent  indeed  from  what  might 
reasonably  have  been  expected  from  them. 

In  a  well  known  thick  quarto,  and  at  one  time  very 
useful  volume  on  Land  and  Marine  Engines,  by  an 
*' eminent,"  as  above  described,  there  are — in  the  1862 
edition — some  complicated  methods  of  proportioning  vari- 
ous details,  which  is  all  the  more  surprising  when  many 
celebrated  firms,  long  before  this  date,  made  their  splendid 
machinery  from  extremely  simple  formulae*  Take,  for 
instance,    the    piston    rod    of    an    engine.      This    most 
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important  detail  may  be  treated  scientifically  as  a  solid 
column  fixed  at  both  ends ;  or  empirically,  in  accordance 
with  a  thoroughly  reliable  rule  based  upon  long  estab- 
lished practice.  The  most  vital  part  of  these  rods  is  the 
screw  for  securing  them  to  the  piston.  If  this  is  large 
enough  all  is  well^  but  if  not,  a  sudden  and  disastrous 
breakdown  will  take  place,  no  matter  how  strong  the  rest 
of  the  rod  may  be. 

To  avoid  this,  care  must  be  taken  to  give  the  screw 
sufficient  area  at  the  bottom  of  the  threads  to  enable  it  to 
withstand  the  full  tensile  strain  that  will  occur  at  any 
time.  In  other  words,  find  the  total  load  in  tons  upon 
the  piston,  either  from  steam  alone,  or  from  steam  and 
vacuum  combined;  and,  as  no  greater  working  strain 
should  be  allowed  for  than  2}  tons  per  square  inch  for  22^ 
ton  iron,  or  3  tons  per  square  inch  for  30  ton  steel,  the 
total  load  on  piston,  divided  by  2}  or  3,  wiU  give  the  area 
required  at  bottom  of  threads  for  each  metal. 

In  all  engines,  this  true  science  rule  is  employed,  but 
in  triple  expansion  machinery,  the  body  of  the  piston  rod 
for  the  low  pressure  cylinder  is  proportioned  by  means  of 
the  well-known  formula  D~io,  that  is: — for  a  cylinder, 
say  100  inches  bore,  the  rod  will  be  10"  diameter  if  of  iron, 
and  9^"  if  of  steel.  For  the  sake  of  uniformity  and  also 
interchangeability,  the  piston  rods  of  the  intermediate  and 
high  pressure  cylinders  —  say  66"  and  40"  diameter 
respectively — are  made  exactly  the  same,  although  they 
would  be  too  large  for  those  cylinders  if  used  as  single 
engines.  This,  however,  is  constantly  being  done,  and 
forms  only  one  of  the  numerous  instances  where  practical 
considerations  overrule  the  deductions  of  mere  science. 

Many  other  useful  rules,  similar  to  the  above,  were 
frequently  employed  when  the  marine  engine  was  running 
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with  25  or  30  pounds  steam,  and  when  the  stroke  of  piston 
was  generally  about  two-thirds  of  the  diameter  of  the 
cylinder.  Tod  &  McGregor,  for  instance,  reduced  their 
calculations  to  such  a  simple  form,  that  some  of  the 
leading  proportions  for  any  size  of  engines — say,  60" 
cylinders  and  3'  6"  stroke — could  have  been  given  at  once, 
and  in  such  a  way  as  to  lead  the  algebraical  professor 
to  fancy  there  were  some  sleight  of  mind  secrets  in  the 
business.  Suppose,  for  example,  that  you  had  asked 
Mr.  Tod  to  give  you  the  dimensions  of  the  piston-rod, 
crank-shaft,  single  acting  air-pump,  branch  steam  pipe  to 
each  cylinder,  and  exhaust  steam  pipe,  for  the  aforesaid 
engines,  having  D=6o''  and  8=42",  the  calculations 
would  have  been  worked  out  in  this  style : — 
"  Piston-rod,  D  -5-  10  =  6"  +  i"  for  turning  down  when 

worn  =  6J"  diameter. 
Crank-shaft,  D-i-5  =  i2",  but  put  on  another  inch  for  extra 

safety,  =  13"  diameter. 
Air-pump,  Dx  •6=36"  diameter;  and  stroke,  D -7-2 =36". 
Branch  steam  pipe,  0-5-5  =  12" — ^better  make  it  13"  diamr. 
Exhaust  do.,  04-4=15"  diameter — quite  large  enough.** 

What !  "  a  regular  smash-up,  breakdown  system,  was 
it?" 

Well,  no ;  not  exactly.  These  formulae  were  certainly 
empirical,  but  they  saved  a  great  deal  of  trouble,  and 
were  all  based  upon  practice  which  was  knpwn  to  be 
good  and  sound  by  engineers  who  quite  knew  what  was 
wanted,  and  who  modified  all  their  calculations  so  as  to 
be  on  the  safe  side  with  everything.  Besides  this,  the 
firms  who  used  those  beautifully  simple  rules  among  the 
'*  fifties  **  and  "  sixties,*'  became  famous  and  acquired 
wealth,  which  were  certainly  strong  recommendations  in 
their  favour.    The  engines  of  this  period  rarely  broke 
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dowD»  and  everything  went  well — so  well,  indeed,  as  to 
create  confidence  all  round.  I  may  add,  however,  that 
Mr.  Tod's  P.S.  "  Juno  "  fractured  her  paddle  shaft  and 
smashed  the  paddle  centre  on  her  first  voyage,  but  as  the 
forging  was  unsound  internally,  she  got  another  shaft 
the  same  size*  Then,  again,  the  S.S.  "United  States" 
mysteriously  broke  her  air-pump  crosshead,  the  new  one 
was  therefore  made  a  little  stronger ;  thus  exemplifying, 
in  these  two  cases,  practical  rules  which  are  constantly 
used  by  all  designers  of  machinery. 

They  had  in  the  Clyde  Foundry  a  very  good  method  of 
recording  the  leading  sizes  of  engines  for  future  inspection 
and  comparison.  Down  the  left-hand  side  of  a  number  of 
foolscap  sheets,  a  list  of  names  of  the  principal  parts  was 
printed,  all  of  which  referred  in  systematic  order  to  ships, 
engines,  boilers,  propeUers,  and  paddle-wheels,  the  lines 
opposite  them  being  left  for  filling  in  with  the  exact 
finished  dimensions.  The  upper  part  of  these  sheets 
contained  the  name  of  the  vessel,  the  number  of  the 
engines,  etc.,  and  space  was  also  left  down  one  side  for 
'*  general  remarks.*'  These  loose  pages  thus  became  very 
useful,  and  gave  at  a  glance  desired  particulars  of  the 
most  trustworthy  nature. 

The  value  of  the  system  of  calculation  just  mentioned 
greatly  depended  upon  the  care  and  judgment  exercised 
in  the  collection  of  data  firom  existing  engines  of  different 
sizes.  In  addition  to  this,  the  circumstances  of  each  case 
had  to  be  studied,  and  when  these  particulars  were  com- 
pared with  each  other,  the  formulae  deduced  firom  them 
could  be  relied  on.  Although  every  pair  of  engines  was 
designed  more  or  less  in  accordance  with  the  rules  thus 
found,  the  skilled  engineer  used  his  own  experience  in 
making  ''allowances"  when  advisable,  and  also  in  con- 
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firming  the  accuracy  of  any  doubtful  calculation  by  more 
scientific  formulae.  The  same  style  of  doing  things  may 
even  now  be  utilised  in  triple  and  quadruple  expansion 
and  other  engines,  and  in  a  great  variety  of  engineering 
work  generally.  Care  must  be  taken,  however,  to  verify 
the  strengths  of  important  parts  when  .necessary,  by 
resolving  the  strains  upon  them  directly  into  those  of 
tension,  compression,  torsion,  and  transverse  breaking. 
And,  secondly,  to  ascertain  by  a  knowledge  of  the  strength 
of  materials  if  sufficient  metal  has  been  allowed  for  to 
meet  those  strains. 

In  this  branch  of  science,  there  is  no  better  book 
than  Box*s  Strength  of  Materials^  which,  in  common 
with  the  same  author's  treatises  on  Heait  Mill-gearing, 
and  Hydraulics,  combines  great  perspicuity  with  sound 
practical  reasoning  and  appropriate  examples.  Equally 
valuable  in  their  own  lines  of  marine  and  general  engi- 
neering, are  A.  £.  Seaton*s  Manual  of  the  former,  and 
W.  S.  Hutton*s  Practical  Engineers'  Handbook  for  the 
latter. 

But  whilst  recommending  these  and  other  volumes, 
it  may  be  well  to  add,  that  no  engineer  should  trust 
implicitly  to  any  of  them  for  the  proportions  of  details, 
or  of  machinery  for  which  he  is  responsible,  unless  com- 
pared with  executed  work,  owing  to  the  simple  reason 
that,  in  text-books  generally,  the  ever-varying  surround- 
ing circumstances  of  each  case  cannot  weU  be  given, 
whereas  in  actual  practice  they  are  clearly  understood. 

In  roof,  bridge,  and  other  kinds  of  constructions,  the 
graphic  system  of  calculation  is  invaluable,  as  it  enables 
one  to  see  at  a  glance,  by  means  of  diagrams,  not  only 
the  strains  at  different  parts  of  a  structure,  but  almost 
annihilates  the  chances  of  error.     If,  for  example,  the 
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pressures  upon  the  sides  of  a  water  tank  40  feet  square, 

and  20  feet  deep,  are  required  at  every  foot  in  depth  : — 

Multiply  20  by  '434  =  8*68  pounds  per  square  inch,  and 

this  X  144  =  1250  pounds,  or  say  ii^  cwt.  per  square  foot 

of  side  at  the  bottom. 

Now  draw  a  right-angled  triangle  to  any  scale — say  half 

inch  to  a  foot — whose  vertical  side  of  20  feet  =  depth  of 

water*  and  whose  base  of  iij  feet  =  load  in  cwts.   Then,  if 

you  divide  the  vertical  line  into  twenty  equal  parts,  and 

draw  horizontal  ordinates  inside  the  triangle,  each  line 

will  give  at  once,  by  scale  measurement,  the  exact  pressure 

upon  the  side  of  the  tank,  beginning  with  nothing  at  the 

water  level,  and  ending  with  the  full  load  at  the  bottom. 

For  ready  calculation,  however,  ludf  a  pound  for  every  foot 

in  depth  will  give  the  approximate  pressure  per  square 

inch.     The  same  system  can  be  used  in  a  great  variety  of 

wa3rs.     Take,  for  instance,  a  plate  girder  20  feet  span, 

2  feet  deep,  and  carrying  an  equally  distributed  load  of 

20  tons.    The  strain  on  centre  of  the  top  and  also  of  the 

bottom  flanges  wiU  be 

Span  X  weight  ^  20  X  lo  ^  ^^^  t^„3 
8  times  depth  i6 

Now  draw  a  line  20  feet  long  to  any  scale  you  please,  and 

also  a  vertical  line  on  the  middle  of  it  measuring  12^ 

inches  by  the  same  or  any  other  scale.     Then  construct  a 

parabola  with  these  dimensions  for  base  and  height,  and 

this  will  give,  by  means  of  vertical  ordinates,  the  tensile 

and  compressive  strains  in  the  flanges  at  any  point.     If, 

in  addition  to  the  E.  D.  load,  we  add  a  central  one  of 

10  tons,  extra  strains  of  25  tons  will  arise  at  the  middle 

of  the  top  and  bottom  flanges — calculated  thus : — 

S  X  W      20  X  10      ^  .  .  „^ 

^^  ss  — ^— =s  25  tons. 

4D  8  ^ 
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On  the  same  20  feet  base  line,  erect  another  perpen- 
dicular 25  inches  high  at  centre,  and  complete  the  figure 
as  a  triangle.  The  ordinates  thus  enclosed,  added  to  the 
others,  will  shew  the  combined  strains  at  any  point  in  the 
flanges  of  girder ;  and  further,  if  any  irregular  method  of 
loading  the  beam  were  adopted,  the  same  system  of 
triangles  and  parabolas  would  give  all  that  was  required 
without  further  calculation,  if  specially  arranged  to  suit 
each  case.  In  beams  as  above,  having  £.  D.  loads,  the 
shearing  strain  is  gradually  reduced  from  each  end  where 
it  is  greatest,  to  the  middle  where  it  is  nothing,  but  with  a 
central  load  it  is  the  same  throughout.  Therefore,  in  the 
former  instance,  the  diagram  will  be  a  triangle,  and  in  the 
latter  a  parallelogram — the  sum  of  the  ordinates  of  both 
indicating  at  a  glance  the  shearing  strains  caused  by  the 
compound  loads  referred  to. 

Lattice  and  other  bridges,  roofs,  etc.,  can  all  be  calcu- 
lated in  a  similar  manner,  and,  although  the  diagrams 
are  of  a  more  complicated  nature,  they  nevertheless — if 
properly  worked  out — shew  clearly  the  various  strains  in 
the  whole  structure.  The  graphic  system  is  consequently 
invaluable  on  account  of  its  exquisite  simplicity,  its 
clearness,  and  its  accuracy.  We  have  only  incidentally 
given  an  outline  sketch  of  its  application;  those,  how- 
ever, who  wish  to  study  it  fully,  may  find  what  they 
desire  in  special  books  on  the  subject,  one  of  the  best  of 
which  is  Humberts  Handy  Book  for  Strains  in  Structures. 

This,  then,  is  one  side — the  sunny  side— of  the  pic- 
ture. Lights  and  shades  produce  beautiful  efiects  in  art, 
in  nature,  in  literature.     The  shades  are  coming. 

Upon  turning  to  one  page  of  the  thick  quarto  volume 
previously  mentioned,  we  find,  amongst  a  variety  of  cal- 
culations, a  wonderfully  empirical  method  of  finding  the 
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exterior  diameter  of  the  large  eye  of  a  crank,  which 
requires  for  its  description  fully  ten  lines  of  about  thirteen 
words  each.    In  a  simplified  form»  this  rule  is  as  follows : 
Exterior  diameter  of  eye  of  crank  equals 

Dia.  of  Shaft  +  P  ^(i'56ixR>  +  >i235xDl)K 

(  15-12  xVR  j3 

The  formula  for  ascertaining  the  thickness  of  the  web 
of  crank  is  of  a  still  more  advanced  kind,  and  need  not 
here  be  given.  A  very  simple  and  good  rule  adopted  by 
engineers  generally,  while  calculating  the  former,  is  D-f-3y 
that  is,  we  make  the  length  of  the  large  crank  eye,  for 
marine  or  other  engines,  equal  to  f  or  {  diameter  of  shaft, 
and  the  thickness  of  metal  round  the  eye  one-third  of  the 
diameter.  Therefore,  the  length  of  eye  or  "  boss"  for  a  12'' 
shaft  would  be  9''  if  cramped  for  room,  and  about  10^" 
otherwise,  while  the  metal  round  the  aperture  would  be 
4"  in  thickness  when  finished,  thus  giving  20''  as  the  dia- 
meter of  eye  externally. 

The  thickness  of  the  web  =  D  x  '55,  which,  in  the 
present  instance,  would  be  6f". 

In  small  sized  shafts,  which  are  not  used  as  prime 
movers  of  machinery,  the  cranks,  or  *<  levers,"  as  they  are 
termed,  have  their  bosses  equal  in  length  to  D — ^the  metal 
round  the  eye  D  -^  3 — the  thickness  of  web  D  4-  3 — ^the 
breadth  being  found  geometrically  by  drawing  two  lines  in 
the  well  known  manner,  and,  after  putting  in  the  beauty 
curves,  the  thing  is  completed.  If  treated,  however,  in 
the  rational  science  style,  the  web  may  be  considered  as 
a  solid  rectangular  beam  fixed  at  one  end  and  loaded  at 
the  other.  The  sizes  of  the  end  pins  are  found  directly 
by  ascertaining  the  load  which  is  to  come  upon  them, 
and  allowing,  say,  two  tons  per  square  inch  for  single 
shear,  and  three  tons  for  double  shear,  with  as  much 
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extra    as    you    think    proper    for    wear,    or   any    other 
consideration. 

The  thickness  of  steam  and  other  cylinders  in  iron 
and  steel — of  valve  boxes  for  steam  pressure,  and  water 
pressure,  etc. — and  of  large  and  small  pipes  for  all  par- 
poses,  when  made  of  cast  and  wrought  iron,  brass, 
steel,  copper,  and  lead,  should  be  proportioned  directly 
in  reference  to  the  tensile  strain  per  square  inch  on 
their  sides  due  to  the  internal  pressure.  But  ample 
allowance  must  be  made  in  every  case  for  extra  thick- 
ness of  metal,  with  a  view  to  sound  and  true  casting, 
re-boring  when  worn,  if  required,  also  for  strength  to 
resist  shocks  caused  by  the  sudden  closing  of  valves,  and 
for  corrosion. 

It  is  most  important  to  have  trustworthy  methods  of 
finding  the  transverse  strength  of  timber,  and  this  is  ascer- 
tained by  taking  as  a  basis  the  breaking  weight  of  full 
sized  beams  loaded  on  the  centre.  In  some  text  books 
the  formulae  give  too  high  results,  as  the  original  experi- 
ments were  made  upon  small  sample  pieces  of  wood 
instead  of  large  balks  of  timber,  where  imperfections 
which  considerably  diminished  their  strength  were  sure 
to  exist.  In  this  respect,  the  Mersey  Docks  and  Harbour 
Board  have  performed  valuable  service  by  means  of 
costly  experiments  on  a  large  scale,  the  records  of  which 
are  extremely  useful  to  engineers. 

Molesworth  and  Hurst,  in  their  well-known  Pocket 
Books^  and  D.  K.  Clark,  in  his  1,000-page  tome — 
RuUs  and  Tables — as  well  as  other  authors,  have  given  an 
infinite  variety  of  excellent  formulae  in  the  various 
branches  of  the  profession.  These  treatises  are  most 
useful  in  many  ways ;  but  practical  considerations,  such 
as   those    already  mentioned,  compel    the   designer   of 
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statical  or  d3aiamical  structures  to  study  all  the  circum- 
stances of  each  case,  and  make  allowances  accordingly. 
Tabulated  records  of  detailed  proportions  from  complete 
and  varied  sets  of  working  drawings  are  invaluable,  as 
they  are  not  only  useful  for  future  reference,  but  form  in 
themselves  a  substantial  basis  for  the  construction  of 
simple  rules,  much  more  serviceable  to  those  who  make 
them  than  any  treatise  can  supply.  Here  again,  how- 
ever, the  printed  books  come  in  handy  for  guidance  and 
for  comparison.  And  here  also,  it  may  be  added,  that  we 
stand  upon  the  brink  of  a  course  of  study  some  people 
enter  upon  enthusiastically,  and  which  in  at  least  a  thou- 
sand-and-one  different  forms  may  occupy  their  attention 
for  the  best  years  of  their  lives. 

Bridge  engineers  sometimes  delight  in  abstruse  and 
extensive  algebraical  calculations,  their  object  no  doubt 
being  mathematical  exactness ;  but  it  is  an  exactness 
that  is  liable  to  be  vitiated  by  a  misplaced  bolt  or  rivet, 
or  by  some  other  unforeseen  cause,  all  of  which  are 
covered  by  the  simpler  methods  of  computation  previously 
mentioned,  combined  with  sound  judgment. 

The  technical  journals  previously  mentioned  occasion- 
ally treat  us  to  page  after  page  of  profound  calculations 
of  this  class,  which  may  be  charmingly  attractive  to  some 
of  their  readers,  but  perplexing  and  tedious  in  the  extreme 
to  those  who  prefer  simpler  methods. 

In  the  drawing  offices  of  good  engineering  establish- 
ments there  are  very  many  simple  and  valuable  formulae 
of  a  far-reaching  nature  which  extensively  permeate  their 
every  day  practice.  These  refer  to  the  proportions  of 
bolts  and  nuts,  and  everything  connected  with  them  :  to 
pipes  of  every  description  for  high  pressure  and  low 
pressure  steam,  and  for  water  pressure :  to  valves  of  all 
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kinds  for  the  same  purposes,  and  a  variety  of  other  details 
too  numerous  to  mention. 

For  solitary  cases  such  rules  may  not  appear  of  much 
consequence,  but  their  great  importance  will  be  seen 
when  it  becomes  known  that  the  good  design  and  eco- 
nomical construction  of  machinery  so  much  depends 
upon  them,  and  also  that  the  parts  referred  to  are  made 
in  large  quantities  for  all  kinds  and  sizes  of  engines.  A 
well-known  axiom  among  engineers  is  this : — ^'^  Economise 
material  when  you  can  possibly  do  so  in  general  work ; 
but  when  things  are  made  by  the  hundred,  or  by  the 
thousand,  and  especially  in  the  costly  metals,  their  pro- 
portions cannot  be  too  carefully  considered  with  a  view 
to  reduction .  of  weight  and  also  of  labour.  Hence  the 
numerous  office  tables  of  dimensions  which  exist  in  some 
places — tables  that  shew  at  a  glance  what  is  required, 
and,  when  well  constructed,  save  a  great  deal  of  time,  a 
large  amount  of  material  and  workmanship,  and  thus 
prevent  in  every  way  the  useless  expenditure  of  capital. 

For  example — ^the  thickness  of  a  bolt  head  is  usually 
\  of  its  diameter,  a  nut  from  \  D.  to  D. ;  both  of  them 
are  i^  D.  across  the  sides,  but  in  a  good  '*  Bolt  and  Nut 
Table  ^  for  marine  work  no  calculations  are  required, 
as  the  sizes  run  from  }"  to  6"  diameter,  advancing  by  ^ 
at  a  time,  and  on  to  8"  or  lo"  diameter  by  quarter  inches. 
In  such  a  table — divided  into  the  required  number  of 
vertical  and  horizontal  lines — the  diameter  at  top  and 
bottom  of  the  screws,  and  also  the  number  of  threads  per 
inch  for  each  size  of  screw,  are  given.  Then  follow  the 
"  width  across  the  sides," — "  width  across  the  angles," — 
<*  thickness  of  head," — ^^  thickness  of  nut,"  and  various 
other  particulars,  including  the  safe  tensile  strengths  in 
pounds  for  each  bolt.    All  our  tables  of  proportions  are 
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valuable,  this  one,  however,  is  simply  invaluable ;  and 
connected  with  it  are  a  few  short  rules  which  closely 
affect  the  strength,  simplicity,  and  economy  of  almost 
every  detail  in  land  and  marine  engines,  and  machinery 
of  all  kinds.    Take,  for  example,  the  following : — 

Centres  of  bolts  from  |"  to  i"  diameter  to  be  D  +  y'^" 
from  outside  of  pipe  or  other  flanges  when  truly  faced, 
and  D  +  ^("  from  body  of  pipe.  Thickness  of  cast  iron 
flanges  =  D  +  y'  about,  and,  when  of  brass,  =  D  minus 
]l'  to  about  D  for  high  pressures. 

All  faced  joints  to  be  ij"  wide  for  J"  bolts;  i|"  for 
f^ \  2^"  for  ^"i  and  so  on;  but  if  the  flanges  are  to  be 
fixed  in  a  rough  state  to  boilers,  or  ship's  sides,  and  liable 
to  corrosion,  bolts  i"  larger,  and  joints  a  little  wider  than 
the  r^^ation  sizes  mentioned  above  are  necessary. 

Then,  again,  all  copper  pipes  connected  with  the 
boilers  and  cylinders  of  triple  and  quadruple  expansion 
engines,  as  well  as  those  for  steam  or  water  purposes  in 
general,  have  the  diameters  and  numbers  of  their  bolts, — 
the  diameters  and  thicknesses  of  their  flanges, — the 
weight  in  pounds  per  square  foot  of  copper, — and  other 
particulars,  fully  given  in  carefully  arranged  tables. 

Different  standards  of  taper  for  rods,  etc.,  are  in  con- 
stant use,  such  as  I  in  7  to  I  in  8  for  piston  and  pump 
rods  inside  of  their  respective  pistons  or  buckets.  This 
is  an  excellent  and  well-known  method  of  fixing  them, 
both  in  the  Navy  and  in  the  Merchant  Service ;  indeed, 
nothing  better  can  be  desired.  Rods  having  such  a  taper 
require  no  ''shoulder"  upon  them,  and,  besides  being 
incapable  of  "  draw,'*  possess  the  useful  quality  of  being 
easily  disconnected. 

A  very  general  taper  for  the  plugs  of  all  kinds  of  brass 
cocks  is  I  in  5.    For  the  cottars  of  some  kinds  of  connect- 
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ing  rods,  and  for  every  description  of  pin,  etc.,  which 
requires  to  be  driven  tight  against  a  shoulder,  a  taper  of  z 
in  i6,  or  J"  to  i  foot,  is  usually  employed.  The  same 
taper  has  been  very  much  used  for  the  ends  of  shafts 
which  fit  into  screw  propellers.  Owing,  however,  to  the 
difficulty  of  disconnecting  the  screw  after  long  submerg- 
ence in  the  water,  a  taper  of  about  x  in  12  is  considered 
more  suitable. 

The  strengths  of  a  great  variety  of  steam,  water,  and 
other  circular  box  valves,  for  pressures  under  30  pounds 
per  square  inch,  are  determined  chiefly  by  practice.  But 
for  all  pressures,  the  safest  plan  is  to  have  good  reference 
tables  of  the  bursting  strains  of  cast  iron  and  brass  pipes 
of  different  thicknesses  and  diameters,  and  of  a  certain 
quality  of  metal,  and  make  ample  allowances  according 
to  circumstances. 

Note  books  fiUed  with  particulars  similar  to  those  we 
have  given,  are  the  result  of  many  years'  close  observa- 
tion, but  they  handsomely  repay  the  time  and  trouble 
spent  upon  them  as  the  days  go  by. 

The  simple  and  efficient,  though  empirical,  methods 
of  calculation  adopted  by  practical  engineers  whilst 
designing  machinery,  etc.,  and  preparing  working  draw- 
ings, have  only  been  briefly  referred  to  in  this  chapter  for 
want  of  space.  The  true  science  system  of  computation 
has  also  been  similarly  touched  upon,  with,  it  is  hoped, 
sufficient  clearness  to  indicate  in  a  general  way  how  the 
thing  is  done.  It  may  be  well  to  add,  however,  that  the 
former  is  liable  to  vitiation  at  any  time  by  means  of 
sudden  changes  in  practice,  and  hence  will  be  seen  the 
importance  of  having  a  clear  view  of  the  first  princi- 
ples upon  which  these  simple  rules  are  based.  When 
the  compound  engine  came  into  general  use,  and  steam 
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pressures  went  up  with  a  bound  from  30  to  60  and 
70  lbs.  per  square  inch,  many  serious  breakdowns 
occurred,  because  engineers  had  not  sufficiently  modified 
their  old  and  trusty  formulae  to  suit  the  new  order  of 
things. 

The  experience  thus  gained  has  proved  of  great  value, 
and  especially  since  the  introduction  of  triple  and 
quadruple  expansion  machinery,  which  caused  boiler 
pressures  to  rise  to  more  than  double  what  they  had 
hitherto  been. 

As  already  stated,  however,  when  the  tensile,  compres- 
sive, shearing,  transverse  breaking,  and  other  strains  due 
to  those  increased  pressures,  are  once  met  by  the  skilful 
distribution  of  material,  and  the  altered  circumstances 
are  thoroughly  understood,  a  new  set  of  empirical  rules 
may  be  constructed,  and,  as  formerly,  safely  trusted 
within  reasonable  limits. 

From  what  has  been  said  about  the  drawing  office, 
it  will  be  seen  that  it  is  a  ruling  power  for  good  or  evil, 
and  that,  while  laying  the  foundation  of  successful  engi- 
neering, it  has  also  originated  some  of  the  most  costly 
mistakes.  For  these  reasons  it  holds  the  key  of  the 
position,  and  as  the  great  engineers  of  the  past  owed 
much  of  their  prosperity  to  a  clear  knowledge  of  every- 
thing that  constituted  good  practice  in  this  department, 
so  those  of  the  present  would  do  well  to  cultivate,  as  far 
as  possible,  the  sciences  of  design,  of  proportion,  and  of 
practical  construction.  They  may  further  record  in  their 
morocco-bound  note  books,  that  the  whole  of  the  colossal 
system  of  civil  and  mechanical  engineering  in  its  multi- 
tudinous branches,  may  be  reduced  to  two  separate  heads 
as  follows : — 

(i.)    Find  out  exactly  what  has  to  be  done. 

K 
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(2.)  Use  youi  skill  to  the  utmost  in  discovering  the 
best  and  simplest  methods  of  executing  it. 

When  these  have  been  satisfactorily  accomplished, 
put  your  machinery  in  motion  and  go  ahead  full  speed  as 
happily  as  possible. 

As  an  appropriate  ending  to  this  chapter,  we  may 
add  that  a  very  eminent  and  still  prosperous  marine 
engineering  firm  had  for  many  years  an  almost  total 
exemption  from  failures  of  any  kind.  This  created  a 
somewhat  rash  confidence,  and  they  began  to  make  novel 
*'  improvements.*'  Things  were  done  that  should  not  have 
been  done  with  the  working  drawings  of  large  steam 
cylinders,  which  resulted  in  some  of  the  castings  cracking 
at  the  foundry.  Then  again,  the  screw  propellers  of  a 
few  of  their  ships  were  trimmed  until  they  looked  a  little 
more  genteel,  but  this  unfortunately  created  a  sort  of 
epidemic  amongst  them  when  at  sea,  as  one  blade  after 
another  gave  way,  to  the  astonishment  of  every  one. 

The  causes  of  both  evils  were  discovered — the  neces- 
sary alterations  were  made  in  the  plans — ^and  the  successes 
of  the  past  were  renewed  in  the  future. 


r 
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CHAPTER  X. 

ENGINES    IN    PROGRESS — THE    SCREW    PROPELLER. 

Triple  Expansion  and  other  Engines  in  the  Works — Ship  Drawings — Steel 
Boilers — History  of  Steel  and  Iron  Crank  Shafts  —  Detection  of 
Enois  in  Drawings — ^Arrangement  of  Machinery  in  Ship  Plans — 
First  Appearance  of  Mr.  Macdonald,  the  Superintending  Engineer — 
Pecnliarities  of  the  Screw  Propeller— " Positive "  and  « Negative" 
Slip — Influence  of  a  Ship's  Lines  upon  the  action  of  a  Screw — 
Modem  Propellers — Cause  of  Destruction  by  Irregular  Corrosion — 
The  Remedy—Screw  of  Cunard  S.S.  '<  Etruria  "— Mr.  Macdonald's 
ideas  of  Screw  Propulsion — Condemns  the  Manager's  Calculations— 
Fortunate  Discovery — Unnecessary  alteration  of  Plans. 

Our  triple  expansion  engines  are  now  "progressing 
favourably/'  as  a  physician  would  say,  and  tracings  of 
some  of  the  principal  parts  have  been  sent  to  the  works, 
and  also  to  outside  people ;  but  there  are  very  many  detail 
and  other  plans  to  follow  in  course  of  time.  It  must  be 
borne  in  mind,  however,  that  the  firm  has  several  other 
orders  in  hand  more  or  less  advanced.  There  are,  for 
instance,  an  ironclad  of  6,000  tons  for  our  own  Govern- 
ment ;  another  of  3,000  tons  for  the  Brazilians ;  two  turret 
ships  for  the  Dutch ;  one  magnificent  paddle  steamer  for 
a  great  railway  company,  whose  guaranteed  speed  is  to  be 
nineteen  knots  an  hour ;  and  two  mail  screw  steamships 
of  4,000  tons  each,  one  of  which,  recently  launched,  is  in 
dock  having  her  machinery  fixed  on  board. 

No  sooner  was  this  vessel  in  the  water  than  prepar- 
ations were  made  for  laying  the  keel  for  the  first  of  the 
three  ships  we  have  been  specially  observing.    Since  the 
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time  the  order  was  received  there  has  been  great  activity 
in  the  ship  drawing  office  and  mould  loft.  The  immense 
black  painted  floor  has  been  partially  covered  with  the 
*'  lines  "  and  various  sections  of  the  ship,  all  of  which  are 
drawn  full  size  to  ensure  the  greatest  accuracy,  and 
facility  of  transfer  to  the  frame  bending  department. 

A  working  model  to  a  scale  of  half  an  inch  to  a  foot 
has  also  been  prepared,  shewing  the  position  of  frames  or 
ribs  and  the  whole  of  the  outside  plating,  the  length, 
breadth,  and  thickness  of  every  plate  being  marked  on 
for  reference.  These,  as  well  as  the  stem,  keel,  stem  and 
rudder  posts,  also  deck  beams,  angle  iron  for  frames,  and 
other  parts  are  ordered  from  the  rolling  mills  and  forge 
people,  and  upon  arrival  are  operated  upon  in  various 
ways,  such  as  drilling,  punching  and  shearing,  planing, 
bending,  etc.,  to  enable  them  to  come  together  properly 
in  place,  and  to  provide  for  all  necessary  rivetting. 

The  boiler  plans,  too,  are  so  far  advanced  as  to  enable 
orders  for  the  different  kinds  of  plates  used  in  their  con- 
struction to  be  given  out  to  the  manufacturers.  For  such 
a  high  pressure  as  we  are  going  to  use  steel  is  preferable 
to  iron  for  the  outside  shell,  because  the  latter  would 
require  to  be  too  thick  for  convenient  rivetting;  but  in 
the  production  of  the  former  at  the  rolling  mills,  and  also 
in  its  subsequent  manipulation  in  the  boiler  works,  the 
greatest  possible  care  is  taken  in  every  part  of  the 
process. 

In  the  engineering  department  the  work  is  getting  on 
by  degrees,  the  forge  and  pattern  shop  being  the  first  to 
receive  orders ;  the  former  of  which  has  been  supplied 
with  tracings  of  the  connecting  rods,  piston  rods,  and 
other  gear,  to  be  put  in  hand  at  once.  The  latter, 
however,  is  doing  its  best  to  get  the  castings  of  pistons, 
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cylinder  covers,  etc.,  into  the  hands  of  the  turners,  and 
thus  considerably  facilitate  matters  at  the  outset. 

The  crank  shafts  have  a  little  history  of  their  own 
which  may  here  be  referred  to.  In  former  times  they 
were  all  of  iron,  even  for  large  ships,  and  complete  in  one 
length,  which  made  them  most  unwieldy  to  manage  in  the 
lathe,  and,  if  fractured  at  sea,  too  often  entirely  disabled 
the  vessel.  This  caused  them  to  be  constructed  in  two 
pieces  exactly  alike,  which  were  firmly  bolted  together, 
thus  rendering  them  much  easier  to  manufacture,  and  if 
the  forward  or  after  part  were  broken,  the  "  spare "  half 
which  the  ship  carried  could  be  used  at  either  end. 

This  was  a  very  good  plan,  but  the  increased  speed 
and  consequent  vibration  of  the  engines,  combined  with 
other  influences,  caused  such  disintegrating  action  to  take 
place  in  the  fibres  of  the  metal,  that  frequent  disasters 
occurred,  involving  serious  inconvenience  and  loss. 
Hence,  forged  steel  was  used  instead  of  iron,  but  this  was 
not  satisfactory,  as  the  failures  continued,  sometimes  in 
the  most  unexpected  manner.  Whitworth's  improved 
steel  was  therefore  resorted  to,  with  the  best  results. 
The  method  adopted  in  manufacturing  shafts  of  this 
material  is  as  follows : — 

The  metal  is  first  cast  in  hollow  ingots,  and  while  in 
the  melted  state  is  subjected,  by  means  of  an  8,000  ton 
press,  to  a  load  of  at  least  six  tons  per  square  inch,  thus 
insuring  the  exclusion  of  all  gases,  and  the  thorough  con- 
solidation oi  the  entire  mass.  It  is  then  reheated,  and 
squeezed  by  hydraulic  pressure  into  the  required  shape, 
that  is  to  say,  a  straight  shaft  with  coupling  flanges  at  the 
ends  for  bolting  together.  It  is  now  cut  in  two,  the 
cranks  and  crank-pins,  which  have  been  made  separately, 
built  up  and  securely  fastened  in  position  ;  and  each  half. 
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or,  in  triple  engines,  each  third,  is  firmly  bolted  together 
with  the  utmost  nicety,  until  the  whole  becomes  almost 
as  rigid  as  if  it  had  been  solid.  In  important  details  such 
as  those  we  have  mentioned,  the  slightest  deviation  from 
absolute  '*  truth  "  in  construction  will  entail  much  trouble 
afterwards,  hence  the  adoption  of  every  precaution  which 
can  possibly  secure  accuracy. 

The  crank  shaft  of  the  "  City  of  Rome"  was  made  as 
described  above.  It  is  26  inches  diameter,  and  has  a 
central  hole  i4-in.  diameter  throughout  its  entire  length, 
and  when  completed  weighed  64  tons ;  but  had  it  been  of 
solid  iron  would  have  weighed  73  tons,  and  cost  at  least 
£7f300.  This  massive  detail  is  frequently  supplied  by 
Messrs.  Vickers,  of  Sheffield,  to  steam  ship  companies  by 
whom  their  own  special  steel  is  highly  esteemed.  In  the 
plate  of  Wigham  Richardson's  erecting  shop,  two  very 
fine  built  up  crank  shafts  for  engines  in  progress  are  to  be 
seen.    These  views  explain  themselves. 

The  pattern-makers,  who  have  now  made  a  fair  start, 
are  very  busy  indeed,  as  few  of  the  old  patterns  will 
**  come  in  **  for  the  new  t3rpe  of  engines.  The  condenser 
is  being  pushed  forward,  but  here  an  incident  occurs 
which  will  illustrate  the  effect  of  a  wrong  dimension  on 
the  tracings.  In  the  sectional  elevation  there  is  a  row  of 
figures  which  reads  thus :  3'  9" — 2'  8" — i'  10" — 2'  8" — ^'  9", 
and  below  them  is  a  dimension  line  giving  <*  length  over 
all "  14  ft.  8  in.  In  the  plan,  the  same  detailed  figures  are 
given,  but  the  *'  over  all "  measurement  is  14  ft.  3  in.,  thus 
indicating  an  error  somewhere ;  and  so  thinks  the  work- 
man, who  looks  at  the  tracing  enquiringly. 

Running  his  hand  through  his  hair  to  enable  him  to 
collect  his  ideas,  he  *<  tots  up  "  all  the  dimensions  in  each 
view  two  or  three  times,  and  finds   the  sum  of  them. 
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14  ft*  8  in.,  quite  right,  as  stated  in  one  case,  therefore 
the  other  must  be  quite  wrong,  although  the  measure- 
ment by  foot  rule  gives  the  correction  at  a  glance. 
Euclid  says :  "  If  equals  be  added  to  equals,  the  sums  are 
equal,"  but  the  worker  in  wood,  while  unconsciously 
trying  to  confirm  the  truth  of  this  axiom,  finds  them  to  be 
wneqfud^  "  which  is  impossible,  Q.  £•  D/' 

As  his  instructions,  however,  are  to  take  only  figured 
dimensions,  he  will  not  do  anything  until  he  sees  the 
foreman.  This  gentleman,  on  being  appealed  to,  does 
not  say  anything,  but,  taking  the  tracing  in  his  hand, 
goes  straight  to  the  draughtsman  who  originated  it  and 
observes,  "  I  think  there  is  something  wrong  here,  Mr. 
Dalrymple,"  pointing  to  the  condenser  plan. 

"  Oh,"  replies  Mr.  Dalrymple,  after  gazing  intently  at 
the  figures,  *'  it  is  most  astonishing,  I  checked  that  draw- 
ing twice,  and,  after  all,  I  have  made  a  mistake;  those 
'threes'  and  ^eights'  are  so  like  each  other  sometimes 
you  can  hardly  tell  the  difierence." 

The  alteration  is  made  while  the  visitor  waits,  and, 
in  a  minute  or  so,  he  goes  away  happy  and  contented. 

This  error,  which  the  head  draughtsman  failed  to 
discover,  is  of  a  very  harmless  kind,  because  the  discrep- 
ancy in  the  dimensions  created  suspicion  and  prevented 
danger.  It  might  easily  have  been  otherwise,  however, 
as  M  the  figures  might  have  appeared  correct,  and  yet 
some  inaccuracy  might  have  crept  into  both  views,  which 
neither  foreman  nor  workman  could  have  detected,  and 
the  condenser  would  consequently  have  been  spoilt. 
HappUy,  unpleasant  discoveries  of  this  kind  are  of  rare 
occurrence.  In  course  of  time,  intelligent  engineers 
become  wonderfully  sharp  in  finding  out  faults  in  draw- 
ings.   They  will,  for  example,  look  at  a  complicated  mass 
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of  all  kinds  of  arrangements  in  a  plan,  and  pick  out  a 
flaw  no  one  else  can  see,  just  as  if  it  were  the  only  thing 
they  did  see. 

They  also  appear  to  have  a  latent  distrust  of  other 
people's  figures  in  work  they  are  responsible  for  until 
they  have  mentally  run  over  them,  and  yet  these  clever 
and  experienced  people  will  sometimes  make  the  most 
absurdly  stupid  mistakes  themselves — ^not  through  ignor- 
ance, but  owing  to  a  temporary  mental  blindness,  we 
may  call  it,  which  for  the  time  clouds  their  faculties. 
This  I  have  frequently  seen  in  others,  and  have  some- 
times experienced  myself.  Strangely  enough,  however, 
the  mind  often  recalls  in  the  most  unexpected  and 
gratuitous  manner  something  which  has  been  done  wrong, 
and  which  is  in  consequence  rectified  at  once. 

Oliver  Wendell  Holmes  tries  to  describe  the  "  mech- 
anism of  the  mind"  in  one  of  his  books,  but  neither 
logicians  nor  metaphysicians,  nor  any  other  '*  icians," 
have  ever  been,  or  ever  will  be  able  to  solve  satisfactorily 
such  a  mysterious  science,  or  explain  how  it  is  that 
fancy's  flash  and  reason's  ray  have  so  often  done 
infinitely  more  than  the  most  studiously  calculated  plans 
could  possibly  accomplish. 

Under  the  guidance  of  the  office  sta£f,  the  drawings 
for  our  engines  are  making  progress,  and  ideas  on  the 
subject  generally  are  becoming  more  matured.  The 
<< shafting  plan"  is  given  to  one  draughtsman,  and  the 
**  general  arrangement  plan "  to  another.  The  former 
involves  all  the  working  drawings  of  shafts  in  the  tunnel, 
thrust  blocks,  plummer  blocks,  stern  tube,  propeller,  and 
all  their  attachments.  The  latter  is  a  most  complicated 
afiair,  as  the  main  engines  and  boilers,  and  all  the 
pumping  engines,  valves,  cocks,  pipes,  ladders,  gratings, 
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ventilators,  and  other  gear  belonging  to  the  machinery 
itself,  or  connecting  it  in  any  way  with  the  sides  or  bottom 
of  the  vessel,  have  to  be  shewn  on  it,  and  afterwards  in 
full  detail  on  very  many  sheets.  This  plan  requires  a 
board  about  five  feet  by  four  feet,  and  usually  from  four 
to  five  views  drawn  to  a  scale  of  half  an  inch  to  a  foot 
for  large  engines,  and  to  a  larger  scale  for  small  engines. 
Should,  however,  the  whole  of  the  machinery  be  too  large 
for  one  board,  the  engines  and  all  attachments  are  drawn 
on  one  sheet,  and  the  boilers  similarly  on  another. 

One  view  consists  of  a  longitudinal  section  of  the 
machinery  part  of  the  ship,  and  underneath  it  is  a  full 
plan ;  there  are  also  transverse  sections  through  engine 
and  boiler  rooms,  so  that  everything  may  be  fully  shewn 
and  clearly  understood  individually  and  collectively. 
All  these  sections  of  the  vessel  are  accurately  drawn 
from  full-size  measurements  from  the  mould-loft  floor, 
and  include  the  frames,  plating,  decks  and  deck  beams, 
bulkheads,  coal-bunkers,  hatchways,  funnels,  etc.,  so  that 
the  connection  between  every  part  of  the  ship  and  all  the 
machinery  may  be  easily  seen. 

Let  us  suppose  that  one  of  these  general  arrangement 
plans  has  been  commenced.  After  drawing  in  the 
sections  of  the  hull,  the  first  thing  to  be  done  is  to  fix 
the  positions  of  engines  and  boilers  in  the  vessel  in  the 
most  suitable  manner  possible,  bearing  in  mind  the 
proper  distribution  of  weights  of  machinery,  including 
water  in  boilers  and  coal  in  bunkers,  so  that  the  ship, 
when  light,  will  be  in  proper  trim,  and  neither  too  much 
down  by  the  stem,  nor  too  deep  in  the  water  at  the  bow. 
The  height  of  the  centre  of  shaft  is  dependent  upon  the 
diameter  of  the  propeller,  but  in  fine-lined  gunboats,  etc., 
with  horizontal  engines,  it  requires  sometimes  to  be  a 
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little  higher  at  the  eogine-room  end,  to  allow  the  widest 
part  of  the  machinery  to  clear  the  bottom  of  the  vessel. 

The  manager,  chief  draughtsman,  and  draughtsman 
who  has  charge  of  this  plan,  have  a  consultation  regard- 
ing the  best  position  of  the  engines  and  boilers  fore  and 
aft,  and  also  vertically,  and  at  the  same  time  the  most 
suitable  arrangement  of  bulkheads.  The  exact  positions 
of  the  latter  are  determined  by  the  spacing  of  the  frames 
of  the  ship,  which,  from  amidships  to  the  stern,  are 
figured  i,  2,  3,  etc.,  whilst  those  going  forward  are 
lettered  a,  b,  c,  and  so  on,  until  the  alphabet  is  ended, 
when  they  begin  again  with  aa,  bb,  etc. 

The  conference  is  ended,  and  the  manager — Mr. 
Bouverie — has  just  given  instructions  to  "place  the 
centre  of  shaft  eleven  feet  above  the  top  of  keel,  and  the 
bulkheads  as  we  have  decided,'*  when  a  very  important 
personage  enters  the  office  to  see  *'how  things  are 
getting  on."  This  gentleman — ^whose  will  is  to  some 
extent  law  —  is  Mr.  Macdonald,  the  superintending 
engineer  for  the  owners,  and  his  duty  is  to  visit  the 
works  from  time  to  time,  see  that  the  specification 
is  adhered  to  in  every  respect,  and  also  to  suggest 
any  improvement,  or  reasonable  alteration  which  can 
be  effected  before  the  work  has  gone  too  far.  If  he 
knows  his  own  mind,  the  builders  and  engineers  will 
have  little  trouble  with  him,  because  they  quite  under- 
stand each  other,  but  if  he  is  uncertain  and  vacillating, 
his  intentions,  however  good,  will  involve  them  in  unne- 
cessary trouble  and  loss,  and  also  considerable  delay  in 
the  execution  of  the  contract. 

This  visitor,  who  now  makes  his  first  appearance, 
possesses  the  entire  confidence  of  his  employers,  having 
been  with  them  for  very  many  years.     He  served  his 
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apprenticeship  most  creditably  in  Napier's,  but  did  not 
enter  the  drawing  office,  as  this  department  is  reserved 
only  for  the  privileged  few.  Not  long  after  his  time 
expired,  he  went  to  sea  as  fourth  engineer  in  one  of 
his  present  Company's  ships,  and  by  steady  and  good 
conduct,  ultimately  became  chief  engineer  of  the  S.S. 
«•  Miranda,"  and  latterly  the  S.S.  "  Cymbeline,"  in  both 
of  which  he  commanded  the  steam  department  so  suc- 
cessfully as  to  be  rewarded  with  promotion  to  the  sphere 
he  now  occupies — ^that  is  to  say,  the  general  super- 
intendence of  machinery  of  the  ships  of  the  fleet,  in 
which  he  takes  a  fatherly  interest. 

Although  somewhat  blunt  in  manner,  he  is  a  very 
pleasant  man  when  you  come  to  know  him.  He  does  not 
«<  bother  his  head  with  science,"  but  knows  exactly  how 
to  drive  a  vessel  at  the  highest  speed  upon  the  least  con- 
sumption of  coal,  and  also  the  best  methods  of  rectifying 
every  defect  caused  by  wear  and  tear,  and  by  the  great 
variety  of  accidents  engines  are  liable  to  at  sea ;  and, 
what  is  of  still  more  importance,  to  prevent  them  from 
happening  at  all,  if  possible.  In  addition  to  this,  he 
possesses  a  great  amotmt  of  humour ;  and  has  the  power 
of  illustrating  his  remarks  by  many  amusing  anecdotes, 
some  of  which,  however,  are  rather  wire  drawn.  His  sole 
aim  in  Ufe  is  to  do  the  best  he  can  for  his  Company; 
his  intentions  are  good  and  highly  honourable  in  every 
respect,  but  he  has  a  curious— some  people  would  call  it 
an  aggravating — ^way  of  sanctioning  things  one  week, 
condemning  them  the  next,  and,  perhaps,  reverting  to 
his  original  ideas  at  a  future  time,  in  such  an  easy,  happy 
style,  however,  that  none  is  really  the  sufferer,  but  the 
firm  who  makes  his  engines. 

This,  then,  is  a  rough  sketch  of  the  visitor  who  is  now 
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inspecting  our  *' general  arrangement"  drawing,  and, 
who  much  resembles  a  superintending  engineer  I  well 
remember — professionally,  with  sorrow — socially,  with 
much  pleasure. 

The  manager  explains  in  detail  all  that  had  been  pre- 
viously gone  over,  and  adds — <*  You  see,  Mr.  Macdonald, 
we  have  given  you  a  fairly  proportioned  propeller,  and  I 
think,  on  the  whole,  that  this  arrangement  will  work  out 
very  nicely." 

"  Oh  yes,  very  good  indeed  ;  but,  don't  you  think  we 
might  advantageously  make  the  screw  two  feet  larger  in 
diameter — get  a  better  hold  of  the  water,  and  drive  the 
ship  faster,  you  know  ?  '! 

Now  it  so' happens  that  Mr.  Macdonald  could  hardly 
have  selected  a  more  ''kittle"  subject  for  his  opening 
remarks ;  that  is  to  say,  one  more  difficult  to  elucidate 
or  explain  with  clearness.  If,  however,  he  had  said  any- 
thing else  about  the  engines,  he  would  have  been  more 
successful,  and  created  a  good  impression  of  his  talents 
at  the  outset. 

The  Screw  Propeller. 

The  action  of  a  propeller  in  the  water,  and  its 
influence  upon  the  speed  of  a  ship,  have  puzzled  all  the 
shining  lights  in  scientific  and  practical  engineering, 
and  perhaps  none  more  so  than  the  late  Mr.  Griffiths, 
whose  patent  screws  are  to  be  found  in  very  many  of  the 
naval  and  mercantile  ships  of  the  world.  After  thirty 
years'  study  of  his  pet  subject,  however,  he  is  reported  to 
have  said  that  he  had  been  unable  to  master  it,  or  give 
clear  and  satisfactory  reasons  for  certain  results. 

The  diameter  and  pitch  of  a  propeller  depend  upon 
so  many  things  affecting  both  ship  and  engines,  that  it  is 
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very  difficult  to  give  any  definite  or  trustworthy  rule  for 
the  guidance  of  others,  and  much  must  always  be  left 
to  the  experience  of  the  designer,  so  that  all  the  circum- 
stances of  each  particular  case  may  be  fully  allowed  for, 
and  the  proper  dimensions  of  the  screw  reasonably  deter- 
mined. Even  with  experienced  people  great  mistakes 
have  sometimes  been  committed,  as  the  investigations 
carried  out  in  reference  to  the  failure  of  H.M.S.  '*  Iris  " 
to  attain  the  required  speed  until  important  alterations 
were  made  in  her  twin  propellers  will  clearly  show. 

To  the  professional  engineer,  as  well  as  to  people  in 
general,  the  means  employed  to  produce  high,  or  even 
moderate  speed  in  screw  steamers,  appear  insignificant 
when  compared  with  the  results  obtained.  'This  is  par- 
ticularly the  case  when  a  great  ocean  racer  in  a  graving 
dock  is  the  subject  of  study.  On  the  one  hand,  there  is 
the  gigantic  hull  of  the  ship,  and  on  the  other,  a  small 
propeller,  which  those  unacquainted  with  its  m3'steries 
would  consider  quite  unsuitable  for  the  purpose. 

In  side  wheel  steamers,  the  huge  paddle-boxes  look  as 
if  they  contained  the  means  of  producing  great  power, 
whilst  the  splash  of  the  floats  in  the  water  confirm  this 
idea  by  shewing  at  a  glance  an  amount  of  energy  amply 
sufficient  for  the  purpose.  In  screw  vessels,  however, 
when  on  load  draft,  and  steaming  full  speed  at  sea,  this 
fluid  disturbance  differs  but  slightly  from  what  is  usually 
to  be  seen  in  the  wake  of  a  sailing  ship,  and,  therefore, 
the  irresistible  logic  of  facts  compels  us  to  believe  much 
that  seems  paradoxical  until  we  know  the  true  cause. 

The  water  in  which  a  ship  lives  and  moves  is  com- 
posed of  oxygen  and  hydrogen,  whose  chemical  combina- 
tion has  been  extremely  beneficial  to  the  inhabitants  of 
the  earth  in  a  great  variety  of   ways,  and  especially 
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to  those  who  are  engaged  in  commerce,  or  in  the  naviga- 
tion of  ships  and  steamers.  This  fluid  has  a  few  striking 
peculiarities.  Exposed  to  a  gradually  reduced  tempera- 
ture, it  becomes  denser  and  heavier  until  it  reaches  39"" 
Fahr.,  when  a  change  takes  place  which  causes  the 
expansion  and  consequent  decrease  in  the  weight  of  the 
water,  until  at  32""  it  becomes  floatable  ice.  At  212I 
water  is  changed  into  a  highly  elastic  vapour,  which 
forms  the  motive  power,  not  only  of  marine  and  other 
steam  engines,  but  is  the  occult  cause  of  those  disastrous 
and  wide-spread  convulsions  which  originate  in  the 
earth's  interior  and  create  such  havoc  on  its  surface. 

Another  property  of  this  fluid  is  its  wonderful  power 
of  resistance*  to  compression,  and  the  latest  experiments 
have  proved  that  the  compressibility  of  salt  water  under 
a  load  of  1,500  pounds  per  square  inch  is  only  ^\^  of  its 
original  bulk.  This  peculiarity  fully  explains  the  reason 
why  the  hydraulic  press  is  so  enormously  powerful,  and — 
most  importantly  in  the  present  case — ^why  the  screw 
propeller  is  so  efficient  in  its  action.  The  apparent 
inability,  therefore,  of  this  instrument  to  drive  a  great 
and  heavily  laden  ship  at  high  speed,  is  immediately 
dispelled  when  we  clearly  understand  the  nature  of  the 
element  in  which  it  works,  and  which  provides  the 
necessary  reactionary  resistance.  All  that  is  therefore 
required  is,  to  give  a  propeller  dimensions  suited  to  the 
ship  it  is  intended  for,  and  to  make  the  blades  amply 
capable  of  sustaining  the  greatest  transverse  strains  that 
may  possibly  come  upon  them. 

Notwithstanding  the  incompressibility  of  water,  it  is 
so  flexible  that  a  vessel's  bows  can  easily  wedge  its 
particles  asunder,  but,  at  the  same  time,  the  resistance 
offered  increases  proportionately  as  the  squares  of  the 
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velocities ;  that  is,  if  a  steamer  required  100  horse-power 
engines  to  propel  her  two  knots  an  hour,  this  would  have 
to  be  increased  to  400  at  four  knots,  or  as  2>  to  4^.  By 
doubling  the  speed,  however,  we  have,  in  addition  to  the 
aforesaid  fluid  resistance,  the  whole  weight  of  the  ship 
passing  over  twice  the  distance  in  the  same  time ;  the 
power  already  founds  must  therefore  be  increased  to  800, 
or,  in  other  words,  as  the  well-known  ''cubes  of  the 
velocities,''  which  in  this  case  are  2*  and  4*. 

Hence,  doubling  the  speed  of  a  ship  requires  eight 
times  the  original  engine  power,  or  the  power  required  to . 
accelerate  her  velocity,  say  from  12  to  15,  or  any  other 
number  of  knots,  will  be  proportional  to  the  cubes  of 
these  numbers,  and  thus  the  great  cost  of  working  fast 
steamers  will  be  at  once  apparent. 

Cargo  vessels  are  usually  run  at  8  to  12  knots  an  hour 
by  means  of  low  speed  machinery,  and  mail  steamers  from 
16  to  18  knots,  on  account  of  the  attendant  commercial 
advantages.  For  the  same  reason,  it  is  now  considered 
advisable  to  drive  the  engines  of  ocean  racers  at  75  to  85 
revolutions  per  minute,  instead  of  55  to  65,  as  formerly. 
But  inasmuch  as  the  resistance  of  the  water  to  a  pro- 
peller increases  as  the  squares  of  the  number  of  revolu- 
tions, it  naturally  follows  that  a  high  speed  screw  may  be 
made  less  in  diameter  than  one  intended  for  low  veloci- 
ties, and  this  can  judiciously  be  done  on  account  of  the 
fine  after-lines  or  "  run  "  of  the  ship. 

The  importance  and  intricacy  of  the  subject  of  screw 
propulsion  may  be  gathered  from  the  fact  that  several 
books  have  been  written — two  of  them  thick  quartos — 
with  the  object  of  elucidating  all  that  could  be  learnt 
concerning  it,  and  also  that  a  great  variety  of  valuable 
contributions  on  the  same  subject,  by  the  members  of 
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leamed  societies,  are  to  be  found  in  their  own  publica- 
tions, as  well  as  in  the  technical  journals. 

Briefly  described,  the  screw  propeller  may  be  termed 
an  instrument  for  driving  ships  at  high  or  low  speeds,  as 
may  be  desired,  and  that  it  derives  its  efficiency  from  the 
resistance  of  the  water  in  which  it  works.  If,  for  example, 
a  screw  having  a  pitch  of  20  feet  revolved  in  a  solid  iron 
nut,  every  revolution  it  made  would  propel  the  ship  to 
which  it  was  attached  exactly  the  same  distance.  Inas- 
much, however,  as  it  works  in  a  fluid  whose  solidity  is 
more  or  less  impaired  by  currents  created  by  the  motion 
of  the  ship,  and  additionally,  perhaps,  by  imperfect  form- 
ation of  the  screw  itself,  this  forward  movement  is  gener- 
ally reduced  in  well  proportioned  and  fast  steamers  from 
8  to  12  per  cent.,  and  in  cargo  ships  from  5  to  8  per  cent. 
That  is,  a  ao-knot  speed  in  one  screw  produces  about  18 
knots  in  the  ship,  and  in  the  other,  a  lo-knot  velocity  of 
propeller  gives,  say,  9^  to  the  vessel. 

This*  is  termed  ''  positive  slip,"  which  may  naturally 
and  reasonably  be  expected.  Here,  however,  we  stand 
on  the  verge  of  what  was  at  one  time  considered  as  great 
a  marvel  as  the  best  Hindoo  juggling  performances — 
something  that  appeared  to  subvert  a  law  of  nature  and 
accomplish  an  utter  impossibility.  It  was  proved  that  in 
some  instances  a  ship  overran  her  screw,  or,  in  other 
words,  the  propeller  actually  drove  a  vessel  from  one 
to  one-and-a-half  knots  an  hour  faster  than  if  it  had 
worked  in  the  hardest  steel  instead  of  water.  The 
facts  were  incontrovertible,  but  no  satisfactory  reason 
could  be  given  for  them.  Engineers  pondered  and 
wondered  over  this  weird-like  and  unnatural  discovery, 
which  was  called  "  negative  slip,"  They  wondered,  and 
pondered,  and  meditated.     Some  said  one  thing,  and 
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some  another,  but  for  a  long  time  nothing  could  be  made 
of  it. 

If  the  ships  had  only  run  as  fast  as  their  screws, 
or  without  any  slip,  their  builders  and  engineers  would 
have  been  considered  perfect  masters  of  the  art  of 
design,  and  the  water  of  the  ocean  would  have  been 
thought  absolutely  incompressible  —  in  some  places,  at 
least. 

All  the  mysterious  events  of  the  world  have  been 
created  by  some  natural  cause,  as  in  one  instance  an 
Egyptian  monarch  had  the  pleasure  of  discovering  for 
himself.  This  gentleman  had  built  a  treasure  house  of 
much  more  solid  construction,  and  even  perhaps  greater 
safety,  than  the  future  Bank  of  England,  but  his  riches 
disappeared,  nevertheless,  as  if  by  magic. 

*'  Whisked  away  by  the  deities  1 "  you  suppose  ? 

Oh,  dear,  no  1  they  were  not  quite  ethereal  enough  for 
that.  The  Emperor's  faithful  and  trusted  architect  put 
in  the  very  best  workmanship  and  finest  jointing  of  the 
masonry,  so  that  the  building  should  be  perfectly  fire- 
proof and  thief-proof,  but  he  also  took  care  that  one  of 
the  granite  blocks  in  the  edifice  was  made  capable  of 
being  easily  withdrawn,  and  through  this  secret  aperture 
the  specie  and  other  valuables  were  abstracted. 

In  like  manner,  the  screw  propeller  mystery  was 
eventually — but  not  completely — solved,  by  the  discovery 
that,  owing  to  faulty  design  in  the  screw  itself,  and 
improper  formation  of  the  *'  run  "  of  a  vessel,  currents 
were  created  in  the  water,  which,  by  impinging  upon  the 
hinder  part  of  the  ship^  had  the  effect  of  increasing  her 
speed  beyond  what  could  have  been  expected  even  under 
the  most  favourable  circumstances.  When  this  occurred, 
the  propeller  was  changed,  and  hence  the  question  will  at 
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once  arise: — "Why  discard  it,  after  performing  such 
good  service  gratuitously  ?  " 

The  answer  is : — "  The  service  was  only  apparent, 
because  some  of  the  engine  power  was  expended  in 
making  the  propeller  chum  the  water,  in  one  sense  use- 
lessly, but  in  another — strangely  enough — for  the  benefit 
of  the  vessel,  by  indirectly  accelerating  her  velocity  as 
above  described." 

This  will  be  clearly  seen  when  it  is  stated  that  the 
same  speed  with,  in  some  cases,  Uss  engine  power  could 
have  been  obtained  in  a  natural  way,  with  positive  slip, 
by  means  of  a  screw  scientifically  designed  in  pitch, 
diameter,  and  form,  to  suit  as  closely  as  possible  the 
circumstances  of  the  case,  and  thus  allow  the  machinery 
to  give  out  its  full  energy  in  the  best  manner.  Many 
years  ago,  an  Inman  steamer  lost  one  of  the  blades  of  her 
propeller,  and  she  actually  ran  faster  with  the  remaining 
three  than  she  had  previously  done  with  four.  This, 
however,  was  not  appreciated  by  the  Company.  The 
screw  was  therefore  taken  off,  and  a  new  one  put  on, 
because  the  three  remaining  blades  produced  an  un- 
balanced distribution  of  power,  which  was  bad  for  the 
engines  and  dangerous  for  the  shaft. 

The  correct  pitch  of  a  screw  and  its  diameter 
depend  in  a  great  measure  upon  the  proposed  number 
of  its  revolutions  per  minute,  as  well  as  upon  the 
lines  of  the  vessel,  which  are  regulated  by  considerations 
relative  either  to  slow  or  moderate  speed  cargo  ships, 
or  to  swift  mail  steamers.  In  the  former  case,  the 
propeller  requires  to  be  of  large  diameter,  for  reasons 
which  were  carefully  investigated  as  far  back  as  the  year 
1846. 

At  that  period,  the  S.S.  **  Dwarf "  was  experimented 
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upon  with  the  object  of  ascertaining  the  effect  upon  the 
speed  of  a  ship  of  variously  altered  formation  below 
water,  in  the  immediate  vicinity  of  the  stempost.  When 
first  tried  in  her  ordinary  condition,  a  velocity  of  9.1 
knots  per  hour  was  obtained;  but,  in  the  next  experi- 
ments, the  run  of  the  vessel  was  made  fuller  by  adding 
two  separate  layers  of  timber,  and  the  result  of  this  was 
a  reduction  of  speed  to  5,  and  then  to  3.25  knots  per  hour* 
Upon  removing  the  layers,  however,  it  rose  to  5,  and  then 
to  9.1  knots  as  before,  thus  conclusively  proving  the  evil 
effect  of  a  full  run  upon  the  screw. 

In  those  experiments,  care  was  taken  to  make  each 
layer  of  timber  represent  as  closely  as  possible  the  true 
lines  of  ordinary  ships,  and  the  results  then  obtained  have 
been  confirmed  by  subsequent  practice.  It  has,  therefore, 
been  clearly  proved  that  full-built  cargo  ships  require 
propellers  relatively  larger  in  diameter  than  mail  or 
other  fast  steamers,  so  that  the  ends  of  the  blades  will 
work  in  water  as  free  as  possible  from  current  dis- 
turbance, and  also  on  account  of  the  slow  speed  of  the 
engines. 

The  formation  of  the  blades  of  screw  propellers  has 
been  endlessly  "  improved  "  by  inventors,  some  of  whose 
ideas  can  only  be  treated  as  philosophical  novelties.  No 
doubt,  real  improvements  have  been  made,  as  the 
patentees  themselves  declare,  but  the  shipowners  are 
very  slow  in  adopting  them.  It  is  certain,  however,  that 
nothing  but  continued  and  successful  practice  at  sea  will 
enable  any  new  propeller  to  supersede  those  which  have 
been  so  long  and  so  favourably  known  in  connection  with 
the  late  Mr.  Griffiths. 

The  cheapest  screws  are  those  cast  in  one  piece, 
which  do  very  well  for  coasting  steamers ;  but  for  ocean 
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liners  the  movable  blade  arrangement  is  best,  because  if 
one  blade  should  break,  the  *'  spare "  one  can  be 
bolted  on,  the  pitch  can  also  be  altered  slightly,  if 
required.  One  of  the  most  useful  modifications  of  this 
system  is  Mr.  Bevis's  feathering  propeller,  which  allows 
the  screw  blades  of  a  yacht,  or  any  similar  vessel,  to  be 
angularly  altered,  and  thus  prevent  them  from  becoming 
a  drag  upon  the  ship  when  under  sail  only. 

The  materials  chiefly  used  are  cast  iron,  steel,  and 
manganese  bronze.  The  former,  however,  is  liable  to 
serious  corrosion  and  pitting  of  the  blades,  which  greatly 
weakens  them  near  the  ends,  and  causes  increased  friction 
in  the  water.  Cast  steel,  though  a  much  stronger  metal, 
possesses  the  same  objectionable  quality  in  a  higher 
degree;  and  it  is  by  no  means  uncommon  to  find  the  ends 
of  the  propeller  blades  of  ships  bitten,  nibbled,  cracked 
and  riddled,  and  broken  off,  on  account  of  the  mysterious 
and  destructive  process  of  pitting  and  furrowing  they  are 
subjected  to.  Manganese  bronze  is  the  best  material  for 
such  purposes,  as  it  possesses  immense  strength  combined 
with  non-corrodibility.  The  screw  blades  can  therefore 
be  made  thinner  than  in  cast  steel,  and  this,  together 
with  a  smoother  surface  has,  in  some  cases,  given  a  ship 
about  half  a  knot  more  speed  at  sea. 

There  have  been  many  theories  concerning  the  cause 
of  pitting  in  cast-iron  and  steel,  but  the  best  one  appears 
to  be  that  of  Mr.  J.  F.  Hall,  of  Messrs.  Jessop  &  Sons, 
Steel  Manufacturers,  Sheffield.  In  his  opinion,  the. evil  is 
occasioned  by  the  sucking  action  created  by  the  blades  of 
a  screw  always  working  in  the  same  direction,  and  thus 
in  time,  drawing  out  of  those  metals  the  particles  or 
molecules  which  have  not  sufficient  affinity  in  themselves 
to  hold  together  as  corrosion  takes  place. 
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My  elder  brethren^  and  perhaps  contemporaries  in 
engineering,  will  remember  the  time  when  this  plague 
among  the  propellers  was  miknown,  owing  no  doubt  to 
the  great  stifiness  of  the  broad-pointed  or  fan-shaped 
blades  then  in  use  preventing  the  metal  near  the  tips 
from  being  disintegrated  by  vibration,  as  it  now  is  in  those 
of  the  narrow-pointed  and  more  elastic  form.  This  has 
been  proved  indisputably  by  the  fact  that  old  broad- 
pointed  scusw  blades  of  cast  iron  have  been  in  constant 
use  for  thirteen  years  without  shewing  any  sign  of  decay ; 
whereas  those  of  the  modem  type  in  steel  and  iron  only 
last  from  three  to  five  years.  Hence  we  may  safely 
consider  that  the  vibration,  which  in  time  destroys  crank 
and  tunnel-shafts,  also  loosens  the  particles  of  metal  near 
the  tips  of  propeller  blades,  and  that  the  suction  at  the 
bade — ^as  described  by  Mr.  Hall— does  the  rest  of  the 
mischief. 

With  the  view  of  counteracting  this  costly  evil,  Mr. 
Willis,  of  the  "  Specialty  "  Steel  Works,  Sheffield,  has 
patented  a  method  of  facing  the  blades  of  propellers  with 
various  anti-corrosive  metals  whilst  in  a  state  of  fusion  in 
the  foundry.  By  this  process  solid  castings,  either  in 
steel  or  iron,  are  now  made  with  the  protective  facing 
of  gun-metal.  Delta  metal,  etc.,  which  in  practice  will 
probably  be  sufficient  for  the  purpose. 

When  made  of  strong  cast-iron,  a  screw-blade  usually 
has  a  thickness  at  the  root  of  \^  per  foot  diameter,  or  10" 
for  a  20  feet  propeller,  and  the  cost  when  finished  may  be 
from  £^o  to  £z\  per  ton.  If  steel  is  employed,  the  thick- 
ness will  be  about  7^",  and  the  price  from  £^^  to  £\o  per 
ton;  but  if  the  blades  are  of  manganese  bronze,  the 
thickness  need  not  exceed  /'.  In  this  case,  however,  the 
cost  will  reach  {,iyi  or  /135  per  ton  ;  but,  even  at  such 
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high  rates,  this  material  is  frequently  preferred  for  long 
voyage  ships,  on  account  of  its  superior  advantages. 

Owing  to  the  imperfect  knowledge  which  at  one  time 
existed  regarding  the  laws  which  govern  the  propulsion  of 
ships,  engineers  have  sometimes  been  unable  to  obtain 
the  desired  speed  for  their  vessels,  thus  giving  rise  to 
considerable  disappointment  to  all  concerned.  The  sub- 
ject was  certainly  perplexing,  but  the  late  Dr.  Froude,  of 
Torquay,  was  so  gpreatly  interested  in  it,  that  he  con- 
structed a  large  water  tank,  of  special  form,  for  the 
purpose  of  experimenting  upon  the  resistance  of  models 
of  vessels  while  passing  through  the  water.  In  this  he 
was  so  eminently  successful,  that  his  system  has  now 
enabled  engineers  to  ascertain  with  considerable  accuracy 
the  power  required  to  drive  a  ship  of  a  certain  size,  form, 
and  weighty  at  a  specified  velocity. 

The  following  particulars,  taken  from  the  log  book  of 
the  Cunard  S.S.  ''  Etruria,"  in  reference  to  her  fastest 
voyage  from  Queenstown  to  New  York,  in  July,  1888,  will 
appropriately  illustrate  the  efficiency  of  the  propeller 
employed  in  that  ship. 

Diameter  of  cast  steel  propeller  24'  6". 

Pitch  of  .  .  33' 6". 

Total  area  of  blades  225  square  feet. 

Highest  number  of  revolutions,  68|  per  minute. 

Length  of  day  on  longest  run,  24  hours  37  minutes. 

Knots  run  by  observation,  503. 

»         ^     »  propeller,  551. 
Slip  „         8*7  per  cent. 

Mean  speed  of  ship,  20*3  knots  per  hour. 
Indicated  horse-power  of  engines,  15,200. 
Displacement  of  ship,  11,000  tons. 
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Other  particulars  in  reference  to  the  hull  and  machin- 
ery of  the  sister  vessel,  "  Umbria,"  are  given  in  another 
chapter,  and  from  the  continuous  performances  of  these 
two  ships  much  may  be  learnt  regarding  the  high  state  of 
efficiency  now  attained  by  the  marine  engine.  Those 
who  wish  to  study  the  subject  of  screw  propulsion  prac- 
tically and  scientifically — analytically,  algebraically,  and 
mathematically,  dynamically,  pedantically,  and  conclu- 
sively— may  perhaps  find  what  they  require  in  the  Utera- 
ture  of  the  past  and  present,  and  also  in  the  books  and 
technical  journals  of  the  future. 

When  ladies  and  gentlemen  of  enquiring  minds  stand 
gazing  at  the  propeller  of  an  enormous  ship,  they  will 
now  cease  to  wonder  how  it  can  possibly  drive  her 
through  the  water  at  a  speed  of  eighteen  or  nineteen 
knots  per  hour,  because  there  is — as  we  have  endeavoured 
to  show — sufficient  well  directed  energy  in  the  screw,  and 
sufficient  resisting  power  in  the  water,  to  do  this,  or  such 
high  results  would  not  be  forthcoming. 

To  non-professionals,  the  side  wheels  and  boxes  of 
paddle  steamers  are  —  as  we  have  shewn  —  somewhat 
delusive,  as  they  create  too  exalted  an  idea  of  their 
power,  and  it  is,  therefore,  not  surprising  to  find  some 
people  led  away  considerably  in  this  respect  by  what 
they  see.  On  one  occasion,  when  crossing  the  Mersey,  a 
clergyman  said  to  me,  most  impressively,  as  we  passed 
close  to  the  "  City  of  Rome,*'  *'  Dof^i  her  three  funnels 
give  you  ihc  idea  of  power  /  "  I  replied,  **  Yes,  they  do," 
and  so  they  did.  It  is  said  that  for  a  similar  reason 
a  towing  Company  had  a  new  tug  built  into  which  the 
engineers  only  put  one  funnel,  because  it  was  quite 
sufficient.  The  owners,  however,  objected  to  this  arrange- 
ment, because  the  sailing  ship  people  would  not  consider 
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her  powerful  enough  for  their  purpose.  The  steamer  was 
almost  finished,  and  could  not  well  be  altered*  A  dummy 
funnel,  with  the  smoke  leading  into  it,  was  therefore  set 
up,  and  this  solved  the  difficulty. 

For  the  purpose  of  having  a  chat  on  practical  science, 
we  abruptly  left  Mr.  Macdonald  and  Mr.  Bouverie  in 
earnest  conversation  about  the  diameter  of  the  ''  Rosa- 
lind's** screw,  and  now  return  to  our  two  friends  who 
have  thus  been  apparently  neglected. 

In  reply  to  the  former  gentleman's  opening  speech, 
the  manager  gives  his  reason  for  introducing  such  a  small 
propeller.  If  he  were  a  pompous  man,  anxious  to  display 
his  learning,  he  might  unconsciously  crush  the  super- 
intendent at  the  outset,  by  telling  him  in  the  ** hum!  ha!" 
sort  of  style,  that  '*  when  the  variability  of  the  eccentri- 
city is  taken  into  account  while  integrating  di£Ferential 
equations  involved  in  the  problem  of  screw  propulsion," 
etcetera,  etcetera.  Since,  however,  he  is  merely  a  practi- 
cal minded  gentleman  of  high  professional  attainments, 
he  talks  away  fluently  and  confidently  about  "ratio  of 
area  of  disc  of  screw  to  immersed  midship  section," — 
"speed  of  engines," — "fine  lines"  and  "full  lines,"— 
"  cargo  ships,  and  mail  steamers,"  including  some  of  the 
reasoning  already  given  in  the  previous  pages.  The 
superintending  engineer,  however,  cannot  follow  such 
arguments  on  account  of  the  want  of  drawing  office  train- 
ing, and  as  his  ideas  are  of  the  empirical  kind  in  some 
cases,  he  reasons  thus : — 

"  My  last  ship,  the  <  Cymbeline,'  had  a  large  propeller, 
and  she  went  along  at  a  fine  rate  ;  the  *  Miranda '  also, 
did  very  well  under  similar  circumstances,  and  what  was 
good  for  them,  ought  to  do  for  these  new  vessels.  Have 
you  ever  noticed  how  a  duck  in  the  water  increases  her 
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q>eed»  by  enlarging  the  area  of  her  feet,  why  then,  should 
a  large  screw  not  have  more  power  than  a  small  one,  and 
be  able  to  drive  a  ship  faster  ?  '* 

To  use  a  well-known  quotation,  Mr.  Macdonald  might 
from  his  appearance  ''  be  taken  for  forty-two  in  the  dusk 
with  the  light  behind  him,*'  and  as  everyone  knows,  when 
men  and  women  attain  this  age,  they  generally  hold 
pertinaciously  to  their  own  opinions,  whether  right  or 
wrong.  Mr*  Bouverie  has  protested  against  the  altera- 
tion, but  not  wishing  to  be  too  sti£F  at  the  outset,  agrees 
to  make  the  screw  two  feet  more  in  diameter, — ^thus 
raising  the  centre  of  shaft  and  also  the  engines,  twelve 
inches  higher.  He  has  given  the  best  advice  as  clearly 
as  he  could,  and  if  the  superintending  engineer  for  the 
owners  rejects  it,  he  must  take  the  responsibility.  This 
gentleman's  last  words  are, — ''Put  two  feet  more  on  to 
the  diameter  of  the  screw,  but  keep  the  bulkheads  as  you 
have  them,  and  that  will  do  first-rate.    Good  morning." 

For  the  next  ten  days  or  so,  Mr.  Macdonald  has  a 
lurking  suspicion  that  what  the  manager  said  may  have 
been  right  after  all,  but  he  is.  unable  to  satisfy  himself  on 
this  point.  His  time  is  fully  occupied  with  the  other 
ships  of  the  fleet,  but  he  is  occasionally  in  a  '<  swither," 
or  state  of  doubt,  regarding  the  propellers  of  the  new 
vessels,  and  is  afraid  that  if  any  loss  of  efficiency  should 
ultimately  arise  from  this  cause,  he  will  get  the  blame. 

A  little  incident,  however,  causes  him  to  decide 
quickly  upon  what  he  ought  to  do.  The  "  Miranda  "  is 
in  a  graving  dock  being  cleaned  and  painted,  so  he  goes 
down  to  see  how  they  are  progressing  in  all  departments, 
but,  on  the  way  to  his  old  ship,  he  passes  the  stem  of  one 
of  the  Atlantic  ''greyhounds,"  also  in  dry  dock.  **  What 
a  splendid  model!"    he  mentally  exclaims,  and   adds, 
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''what  a  small  screw  she  has,  too,  for  her  size,"  remem- 
bering at  the  same  time  that,  on  a  recent  voyage,  this 
famous  vessel  steamed  480  knots  in  one  day.  The 
"  Miranda  "  is  also  carefully  inspected,  by  way  of  com- 
parison, when  the  disagreeable  truth  suddenly  flashes 
upon  him  that,  although  she  certainly  has  a  large  pro- 
peller, her  lines  are  <*full,*'  and  the  build  and  engine 
power  of  the  ship  adapted  for  carrying  a  large  cargo  at 
only  a  moderate  speed. 

Here  then  is  a  discovery  which  prompts  the  super- 
intendent to  exclaim — '*  Good  gracious  1  can  it  be  possible 
that  I  am  wrong  after  all  ?  '* 

There  is  no  time  to  be  lost,  so  he  goes  off  immediately 
to  the  works  to  rectify  his  mistake,  and  is  delighted  to 
find  Mr.  Bouverie  in  the  erecting  shop,  calmly  surveying 
everything  around  him. 

"  Good  morning,  sir,"  observes  Mr.  Macdonald.  **  I 
hope  you  haven't  done  anything  to  those  screws  of  ours 
yet  ? " 

"  Well,  no,  we  have  not,  as  they  will  not  be  required 
for  some  time  to  come.**    What  a  relief! 

"  Well,  sir,  I  have  just  been  thinking  that  it  would  not 
be  at  all  amiss  if  you  made  them  as  we  had  them  at  first." 

"  What !  two  feet  less  in  diameter  ?  " 

"  Yes." 

''Why  that  is  exactly  what  I  proposed;  but  you 
objected  to  it,  and  now  we  are  well  on  with  the  general 
arrangement  in  accordance  with  your  ideas.  I  tried  to 
explain  to  you  that  fine  lined  ships  with  quick  running 
engines,  such  as  those  we  are  building,  do  not  require 
such  large  propellers ;  whereas  cargo  ships  do,  for  obvious 
reasons.  It  is  a  pity  you  did  not  tell  me  about  this 
before  letting  us  go  on  so  far." 
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"I  am  very  sorry  to  trouble  you,"  observes  Mr. 
Macdonald ;  "  but,  really  these  screws  are  such  puzzling 
things,  you  never  know  where  you  are  with  them.**  .  .  . 
The  draughtsman,  in  a  rather  unamiable  humour,  had  to 
rub  out  all  his  work  relating  to  the  engines  and  their 
connections  in  the  longitudinal  and  transverse  sections, 
and  begin  again  by  lowering  ever3rthing  one  foot.  Were 
it  not  for  the  boilers,  however,  which  have  to  be  kept  as 
they  are,  it  might  perhaps  have  been  better  to  let  the 
engines  alone,  and  raise  the  ship  twelve  inches  in  those 
two  views*  This  would  have  given  exactly  the  same 
result ;  but  the  easiest  and  simplest  way  of  accomplishing 
the  end  in  view  depended  upon  the  judgment  of  the 
draughtsman,  who,  no  doubt  for  his  own  comfort,  used  it 
to  the  best  of  his  ability. 
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CHAPTER    XL 

ORIGIN    OF     MARINE   ENGINEERING — STEAM     POWER 

ON     CANALS. 

Duties  of  SuperinteDding  Engiueer — Repairing  damaged  Engines — Marine 
Propulsion  among  the  Ancients — Blasco  de  Garay*s  "Trinidad/* 
1543— Miller's  First  Experient  on  Dalswinton  Loch,  1788— Canal 
Steamer  *'  Charlotte  Dundas,"  1801 — Scheme  abandoned — Houston*s 
experiments  on  Canal  Boat,  1830 — Expected  Railway  Opposition — 
Fairbairn*s  Iron  Steamboat  **  Lord  Dundas** — Trial  on  the  Irwell — 
Strange  Discoyeries — Perilous  voyage  to  the  Clyde — Compass 
Deviation  and  Correction — Success  at  low  speed  on  Canals — Steam 
on  Ship  Canals — Belgian  Cable  System. 

The  duties  of  a  superintending  engineer  are  numerous 
and  responsible.  He  has  charge  of  the  whole  of  the 
engineering  staff  in  the  fleet,  which  requires  consider- 
able administrative  ability;  he  has  also  to  rectify  all 
complaints,  and  see  that  the  men  in  both  engine  and 
boiler  room  departments  do  their  work  properly.  Besides 
this,  he  has  to  keep  a  vigilant  watch  over  the  machinery 
of  all  the  ships,  in  which  he  is  greatly  assisted  by  the 
chief  engineer  of  each  vessel,  who  reports  to  him  what- 
ever alterations  or  repairs  may  be  necessary  to  execute 
before  she  sails  again. 

On  visiting  each  ship  at  the  end  of  her  voyage,  he 
finds  out  whether  the  engines  have  worked  satisfactorily, 
or  otherwise,  and  whether  any  breakdown  has  occurred. 
If  any  important  smash  should  have  taken  place,  such  as 
loss  of  part  of  the  propeller,  fracture  of  shaft,  etc.,  it  will 
be  known  to  the  owners  long  before  the  ship  arrives, 
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and  prompt  measures  taken  to  countervail  the  damage, 
by  having  a  new  propeller  cast  at  once, — if  they  have  not 
a  spare  one  at  the  repairing  works, — or  giving  an  order  to 
the  forge  people  for  a  new  shaft,  if  sufficient  particulars 
have  been  obtained  to  enable  them  to  do  so.  Since  time 
is  required  for  these  and  similar  operations,  it  is  of  the 
utmost  consequence  to  have  the  repairs  carried  out  as 
rapidly  as  possible,  and  thus  save  the  vessel  from  pro- 
tracted and  expensive  detention  in  dock.  As  an  illustra- 
tion of  this,  it  may  be  added  that  a  few  years  ago  two 
steamers  arrived  at  Queenstown  the  same  day,  each 
having  lost  her  funnel.  Both  returned  to  Liverpool,  and 
one  of  them  was  repaired  in  two  days,  whereas  the  other 
required  twelve. 

Steamers  in  general  carry  sufficient  ''  spare  gear "  to 
provide  for  all  ordinary  contingencies,  but  occasionally 
disasters  happen  at  sea  which  are  entirely  beyond  the 
power  of  those  on  board  to  rectify.  Minor  accidents, 
howevett  can  be  repaired  easily  enough,  or  if  they  cannot, 
may  stand  over  until  arrival  in  port,  as  they  do  not  inter- 
fere with  the  safety,  or  even  perhaps  the  speed  of  the 
ship.  The  most  irreparable  breakdown  that  can  happen 
is  serious  damage  to  the  propeller,  or  fracture  of  the  screw 
shaft,  the  latter  of  which  has  caused  large  ships  to  be 
towed  very  long  distances — in  one  notable  instance  3,700 
miles,  and  in  another  4,200  miles. 

The  superintendent  has  also  to  look  after  all  vessels 
^  now  building,*'  and  this  is  what  our  friend,  Mr. 
Macdonald,  is  at  present  occasionally  occupied  with.  In 
the  course  of  a  few  months,  the  appointed  chief  engineer 
of  each  ship  will  help  him  in  his  duties  by  inspecting  the 
work  in  progress  from  time  to  time.  It  may  be  mentioned, 
however,  that  nearly  all  the  alterations  and  improvements 
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that  are  made  refer  to  the  first  of  the  ships,  but  with  the 
others,  everything  will  be  plain  sailing. 

It  will  thus  be  seen,  that  the  superintending  engineer 
has  considerable  authority,  which  he  may  wield  suc- 
cessfully or  unsuccessfully,  generously  or  tyrannically, 
according  to  his  disposition  and  temperament.  Generally 
speaking,  superintending  engineers  to  lines  of  steamers 
are  now-a-days  selected  from  the  ranks  of  those  who  are 
or  have  been  at  sea,  instead  of  the  professionals  on  land. 
The  former  are  obviously  more  suitable  for  the  post, 
whereas  the  latter  are  better  adapted  for  the  scientific 
branches  of  engineering,  such  as  the  design,  construction, 
and  supervision  of  marine  and  other  machinery  in  the 
works  and  elsewhere. 

Hence  it  appears  to  a  great  extent  unnecessary  for 
those  who  are  simply  and  entirely  practical  men  to  inter- 
fere  with  the  drawing  office  arrangements,  and  this  will 
be  at  once  seen  when  we  consider  the  question.  In  the 
first  place,  men  who  are  good  hands  on  board  ship  very 
often  know  little  of  the  higher  branches,  as  practised  on 
shore.  On  the  other  hand,  a  manager  of  works  may  be 
most  accomplished  in  every  sense  of  the  word.  He  has 
also  under  his  own  control  full  and  complete  records  and 
sets  of  drawings  of  every  ship  and  set  of  engines  made  by 
the  firm,  for  reference  and  future  guidance,  and  thus 
knows  exactly  whether  certain  arrangements,  or  propor- 
tions of  engines,  boilers,  etc.,  have  been  successful  or  not. 
Eveiything  good  is  adopted  and  improved  if  possible, 
while  ever3rthing  faulty  is  eliminated. 

The  chief  draughtsman,  too,  as  previously  explained, 
is  one  who  has,  through  many  years  of  close  study  and 
application,  collected  an  immense  quantity  of  useful  infor- 
mation of  the  most  varied  character,  all  of  which  he 
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finds  invaluable  while  getting  out  designs,  or  working 


These  two  gentlemen  also  thoughtfully  and  intelli- 
gently help  each  other  in  every  possible  way,  in  their 
endeavours  to  obtain  the  best  results,  and  nothing, 
however  small,  escapes  their  eagle-eyed  scrutiny.  A 
superintending  engineer  will,  therefore,  find  it  more 
conducive  to  his  peace  of  mind  to  let  the  eminent  firm 
who  are  making  his  engines  have  their  own  way  in  the 
office,  and  direct  his  attention  almost  exclusively  to 
inspection  in  the  workshops  and  yard.  He  will  thus 
prevent  them  from  incurring  unnecessary  loss  by  the 
undertaking;  and  in  proof  of  what  has  been  said,  it 
may  only  be  added,  that  we  have  never  known  any 
superintendent  who  interfered  with  the  scientific  staff, 
as  Mr.  Macdonald  is  now  doing,  and  as  the  original 
character  actually  did,  through  over  anxiety  to  promote 
the  welfare  of  the  company  he  represented. 

Origin  of  Marine  Enginbbring. 

Hitherto  we  have  referred  only  to  the  screw  as  a  pro- 
pelling agent  for  steamers,  but  may  now  introduce  a  few 
remarks  concerning  the  paddle  wheel  system,  which, 
although  very  nearly  a  thing  of  the  past,  has  nevertheless 
been  greatly  used  from  the  earliest  times. 

The  principle  upon  which  nearly  all  marine  propellers 
work  is  the  projection  of  a  mass  of  water  in  the  direction 
opposite  to  that  of  the  required  motion.  The  only  excep- 
tion to  this  rule  is  to  be  found  in  ferryboats,  and  barges 
on  some  of  the  Continental  canals,  where  the  motive 
power  is  produced  [either  by  a  steam  engine  or  by  manual 
labour  operating  on  a  drum  on  the  deck  of  the  vessel, 
which  puUs  in  a  rope  or  chain  lying  at  the  bottom  of  the 
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water,  a  system  which  has  been  extensively  and  success- 
fully used  in  Belgium  and  elsewhere.  The  paddle  wheel 
still  maintains  its  position  in  river  steamers,  and  also  in  a 
few  sea-going  vessels  of  large  power  and  light  draught, 
similar  to  those  so  much  used  in  America,  inasmuch  as 
the  screw,  to  work  efficiently,  must  be  wholly  submerged, 
and  any  addition  to  its  diameter  demands  an  increase  in 
the  draught  of  water,  which  cannot  always  be  obtained. 
This  difficulty,  however,  is  sometimes  got  over  by  the 
adoption  of  twin  screws  of  reduced  size. 

On  the  other  hand,  the  power  of  the  paddle  wheel  can 
be  increased  by  making  the  floats  longer,  instead  of 
deeper,  and  thus  preventing  the  necessity  of  increasing 
their  dip.  These  wheels  may  also  be  placed  in  the 
centre  of  the  ship,  instead  of  outside,  or  at  the  stem,  an 
arrangement  which  is  frequently  adopted  abroad.  On  the 
Mississippi,  they  used  to  take  great  liberties  with  their 
steamers,  quite  apart  from  the  traditional  racing  and 
occasional  blow-up  of  the  whole  machine,  as  it  was  not 
uncommon  for  those  vessels,  after  having  been  run  in 
shore  at  some  cotton  dep6t  for  cargo,  to  crawl  out  into 
deep  water  again  on  their  wheels  if  they  should  sink  in 
the  mud.  At  other  times,  when  the  river  was  low,  and 
they  had  to  cross  a  bar  with  a  stern-wheel  steamer,  they 
simply  turned  her  round,  and  at  once  got  over  the  diffi- 
culty. The  reason  was  that,  with  the  wheel  aft,  the 
water  receded  from  her,  and  she  grounded,  whereas  with 
the  wheel  in  front  the  water  flowed  under  her,  and 
the  boat  rose. 

With  these  few  exceptions,  the  screw  may  be  said  to 
have  almost  entirely  superseded  the  paddle  wheel,  whose 
services,  both  in  ancient  and  modern  days,  have  been  so 
generally  appreciated,  but  which  are  now  of  little  value 


CHAP.  XK  AND  SOCIALLY  CONSIDERED.  i8i 

on  account  of  the  great  advances  made  in  practical  and 
economical  science  during  recent  years. 

The  action  of  a  fish  while  swimming  gave  the  earliest 
idea  of  marine  propulsion  to  the  ancient  people  of 
Ass3rria,  Egypt,  Babylonia,  and  China,  who  floated  on 
bundles  of  reeds  or  inflated  skins,  propelled  by  the  legs  of 
those  who  sat  upon  them ;  and  such  methods  are  still  in 
use  on  the  Nile,  the  Euphrates,  and  in  the  West  Indies. 
The  Kgyptians,  Assyrians,  and  Babylonians  also  employed 
wicker  boats — made  water-tight  by  plastering  bitumen 
inside  and  outside, — ^which  were  propelled  by  either  one 
or  two  men  with  short  oars  or  paddles,  as  is  yet  done  in 
the  Mediterranean. 

The  Chinese  used  a  round  boat  driven  by  the  palm  of 
the  hand ;  and  Pliny  tells  us  the  ancient  Britons  used  a 
similar  boat  worked  by  oars,  very  much  like  the  coracles 
which  are  even  now  sometimes  employed  on  the  Severn 
and  other  rivers.  The  use  of  sails  as  a  propelling  power 
is  of  unknown  antiquity,  but  the  common  paddle  wheel 
on  each  side  of  a  vessel  was  used  by  the  Chinese  very  far 
back  in  the  history  of  the  world,  and  to  them  we  are 
doubtless  indebted  for  the  idea.  The  screw  propeller 
also  was  known  to  the  Chinese  for  ages,  but  in  Europe 
its  conception  seems  to  have  been  derived  from  the  wind- 
mill and  Archimedean  screw. 

In  A.D.  1472,  galleys  were  moved  through  the  waters 
of  the  Mediterranean  by  means  of  side  wheels  connected 
by  a  shaft  having  a  crank  in  the  middle,  which  could  be 
worked  by  manual  labour,  in  a  manner  similar  to  that 
which  is  sometimes  adopted  in  small  yachts,  or  boats  on 
lakes  at  the  present  day. 

In  1543,  Blasco  de  Garay,  a  Spaniard,  is  said  to  have 
driven  the  '* Trinidad"  at  Barcelona,  by  having  a  paddle- 
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wheel  on  each  side,  worked  by  an  "engine,"  which 
consisted  of  a  large  cauldron  of  boiling  water,  but  how 
the  plan  was  carried  out  we  are  not  informed.  During 
succeeding  ages  other  people  tried  various  schemes  of 
an  extremely  primitive  character,  down  to  the  end  of  last 
century,  but  none  of  them  were  of  any  practical  value, 
beyond  leading  the  way  to  the  great  future  which  at  that 
period  was  just  beginning  to  dawn. 

The  first  experiment  which  led  directly  to  the  intro- 
duction of  steam  navigation  was  made  by  Mr.  Patrick 
Miller,  of  Dalswinton,  in  Dumfriesshire.  This  gentleman 
had  made  a  fortune  in  Edinburgh  as  a  banker,  and 
having  partially  retired  from  business,  devoted  the  most 
of  his  time  to  useful  pursuits,  among  which  was  the 
improvement  of  agriculture  on  his  own  estate.  Being 
also  a  large  shareholder  in  the  Carron  Ironworks,  he 
invented  the  famous  "  Carronade,**  a  gun  at  one  time 
most  popular  in  the  Navy,  but  his  greatest  fame  arose  out 
of  his  efforts  to  introduce  steam  power  as  a  means  of 
propelling  ships. 

The  experiment  referred  to  was  carried  out  in  the 
Firth  of  Forth,  on  June  2nd,  1787,  with  a  little  double- 
hulled  boat.  Its  motive  power  consisted  of  a  five-barred 
capstan  worked  by  men  who,  however,  soon  became 
exhausted  with  the  arduous  labour,  and  this  constituted 
the  great  difficulty  to  be  overcome  in  an  otherwise 
favourable  trial.  A  divinity  student  named  Taylor,  who 
witnessed  it,  at  once  observed  that  *'  steam  might  possibly 
be  used  instead  of  manual  exertion.'*  Mr.  Miller  took  up 
the  idea,  which  he  tried  to  develop,  and  meeting  soon 
afterwards  with  William  Symington, — a  young  engineer, 
who  was  exhibiting  a  road  locomotive  in  Edinburgh, — 
entered  into  conversation  with  him  on  the  subject  as 
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fully  as  circumstances  would  peirmit.  **  Why  don't  you 
try  the  steam  engine  ?  "  Symington  asked,  shewing  at  the 
same  time  a  working  model  he  had  made,  and  explaining 
its  action.  Mr.  Miller  was  so  much  pleased  with  what  he 
had  thus  seen,  that  he  gave  him  an  order  to  make  a  pair 
of  one-horse- power  engines  to  drive  a  little  pleasure-boat 
on  Dalswinton  Loch. 

The  trial  took  place  in  October,  1788,  when  the  highly 
satisfactory   speed    of   about    five    miles    an    hour  was 
obtained.    This  was  the  first  steamer  that  ever  trod  the 
water  like  a  thing  of  life,  and  proved  the  herald  of  a 
new  and  mighty  power  in   river,  lake,  and  occfan  navi- 
gation.     The  hull  was  constructed  of  tinned  iron  plate 
which,    we    may   add,    initiated    the    now  well    known 
system  of  *'  iron  shipbuilding."     It  was  also  similar  in 
plan  to  the  Channel  steamer  *<Castalia,"  built  nearly  a 
hundred  years  later.      After  repeated   and  satisfactory 
experiments  on  the  lake,  the  engines  were  taken  out  of 
the  vessel  and  placed  in  Mr.  Miller's  library,  where  they 
were    kept    until   their    removal    to    South   Kensington 
Museum. 

Steam  navigation  having  been  thus  successfully 
attempted  on  a  small  scale,  Mr.  Miller  commissioned 
Sjnnington  to  make,  at  the  Carron  Ironworks,  a  twelve- 
horse-power  pair  of  engines  to  put  into  a  larger  vessel, 
which  was  tried  in  the  end  of  1789  on  the  Forth  and 
Clyde  Canal.  During  the  first  trial  trip  the  paddle  wheels 
broke  down,  and  after  having  been  replaced  by  stronger 
ones,  a  speed  of  seven  miles  an  hour  was  obtained ;  but 
as  the  boat  was  far  too  light  to  be  propelled  by  machinery 
she  was  soon  dismantled,  and  Mr.  Miller,  who  had  spent 
upwards  of  ;^30,ooo  upon  his  pet  scheme,  became  tired  of 
the  constant  vexations  and  disappointments  to  which  he 
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was  subjected,  and  abandoned  the  project  just  when 
success  was  at  hand. 

The  experimental  trial  trip  on  Dalswinton  Lioch  forms 
a  landmark  in  the  history  of  the  world,  quite  as  distinct 
as  that  of  many  other  important  events  which  have 
proved  new  departures  in  the  arts  of  war  and  peace. 
The  iron  boat,  the  horizontal  engine,  and  the  practically 
useful  employment  of  steam  as  a  motive  power,  clearly 
foreshadowed  what  was  to  take  place  in  future  years. 
The  Edinburgh  banker  may  therefore  be  said  to  have 
touched  the  border  land  of  an  entirely  new  system  of 
engineering,  which  has  been  developed  in  the  most 
extended  form  by  many  talented  inventors  down  to  the 
present  time. 

Much  has  been  done  in  this  respect  since  1788,  but 
much  still  remains  to  be  accomplished  before  marine 
propulsion  is  perfected.  As  it  now  stands,  however, 
there  is  sufficient  to  indicate  the  extremely  complicated 
nature  of  the  science  of  steam  navigation,  which  Mr. 
Miller  so  successfully  introduced  on  a  miniature  scale, 
and  which  has  proved  so  beneficial  to  the  world. 

The  experiments  referred  to,  which  had  been  thus 
far  successfully  conducted,  were  resumed  in  x8oi,  when 
Lord  Dundas, — at  that  period  Governor  of  the  Forth 
and  Clyde  Canal  Company, — employed  Symington  to 
construct  a  small  steamboat  for  towing  their  barges, 
and  after  considerable  preparation,  a  vessel  named  the 
**  Charlotte  Dundas "  was  completed,  and  fitted  with 
a  horizontal  engine  having  a  steam  cylinder  22  inches 
diameter,  and  a  paddle-wheel  fixed  in  the  centre  of 
the  boat  and  close  to  the  stem.  The  performance  of 
this  little  craft  was  admirable  so  far  as  mere  towing 
was  concerned,  but  the  surging  motion  of  the  water 
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created  by  the  wheel,  and  apprehended  danger  to 
the  banks  of  the  canal,  caused  the  scheme  to  be 
abandoned.  The  Duke  of  Bridgewater,  however,  had 
been  so  satisfied  with  the  result  of  the  trial  of  this  vessel 
that  he  gave  her  builder  an  order  for  eight  similar  ones 
for  his  own  canal ;  but  on  the  day  the  Forth  and  Clyde 
Navigation  people  gave  their  adverse  decision,  news  was 
received  of  his  death. 

Nothing  appears  to  have  been  done  towards  the 
development  of  steam  navigation  on  canals  until  the 
early  part  of  1830,  when  a  Mr.  Houston,  who  was  the 
principal  proprietor  of  the  Ardrossan  Canal,  made  an 
attempt  to  increase  the  ^eed  of  the  packet  boat  running 
between  Glasgow,  Paisley,  and  Johnstone,  by  experi- 
menting with  a  light  gig,  similar  to  those  frequently  used 
in  rowing  matches. 

To  this  boat  he  attached  two  of  the  track  horses,  and, 
driving  them  at  their  utmost  speed,  found  to  his  surprise 
that,  instead  of  a  heavy  rolling  surge  in  front,  it  actually 
skimmed  smoothly  over  the  surface,  and  the  horses 
worked  with  greater  ease  at  the  high  velocity  than  they 
appeared  to  do  at  a  lower  one.  This  was  so  contrary 
to  all  the  received  theories  that  doubts  were  entertained 
concerning  the  accuracy  of  the  results.  Mr.  Houston 
was  not  a  scientist,  and  therefore  could  not  investigate 
the  subject  for  himself;  in  order,  however,  to  ascertain 
the  true  state  of  affairs,  Mr.  William  Fairbaim,  of  Man- 
chester, was  requested  by  the  Forth  and  Clyde  Canal 
Company  to  visit  Glasgow  and  conduct  a  series  of  experi- 
ments on  a  light  twin  boat,  which  was  built  for  the  pur- 
pose.   In  his  autobiography  Mr.  Fairbairn  says : — 

••  Mr.  Houston's  experimental  trip  with  the  gig,  and  my  own  experi- 
menu  on  the  twin  boat  appeared  to  bring  oat  a  new  law  in  the  resistance 
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of  fluids,  which  encouraged  the  idea  of  obtaining  quick  speeds  on  canals. 
This  was  a  subject  of  vital  importance  to  every  one  connected  with  them, 
as  the  Liverpool  and  Manchester  railway  had  just  been  opened  with 
unexpected  and  extraordinary  success. 

"A  new  principle  of  traction  had  come  into  operation.    The  flight  of 
the  swiftest  bird  and  the  fleetness  of  the  racehorse  were  surpassed  by  the 
iron  bones  and  muscles  of  the  locomotivei  the  tales  of  the  Arabian  Nights 
were  realised,  and  no  wonder  that  such  apparent  magic  should  create  fear 
and  consternation  in  the  minds  of  proprietors  and  shareholders  of  canal 
stock.    A  speed  of  four  and  a  half  miles  an  hour  for  passengers,  and 
two  and  a  half  for  goods,  were  all  that  they  could  then  boast  o^  and  a 
new  project,  which  held  out  hopes  of  increased  velocity,  was  seized  upon 
with  avidity.    Hence,  every  encouragement  was  given  to  the  new  theory, 
as  exhibited  by  the  experiments  on  the  Forth  and  Clyde,  and  Ardrossan 
canals. 

'*  The  proprietors  of  the  former,  who  had  great  interests  at  stake, 
confirmed  the  report  I  sent  in,  viz. :  '  That  after  having  duly  ascertained 
the  resistance  to  a  floating  body  passing  through  the  water  of  a  canal  at 
from  five  to  fourteen  miles  an  hour,  it  was  found  that  such  resistance 
might  be  overcome  by  a  light  iron  boat  with  a  steam  engine  on  the 
locomotive  principle  to  drive  her.*  In  this  report  I  was  advised  not  to 
raise  hopes  that  might  not  be  realised,  but  I  considered  the  experiments  of 
such  importance  as  to  recommend  further  trials,  and  was  accordingly 
ordered  to  proceed  with  the  construction  of  a  new  vessel  and  all  the 
necessary  machinery  requisite  to  propel  her  at  the  desired  velocity  of  from 
nine  to  ten  miles  an  hour. 

"  The  business  I  had  now  in  hand  was  to  ascertain  how,  and  at  what 
cost,  the  object  I  recommended  the  Forth  and  Clyde  Canal  Company  to 
pursue  could  be  attained.  It  was  not  an  abstract  question  of  practica- 
bility, but  how  far  a  very  high  (rate  of  speed  could  be  advantageously 
obtained,  at  what  outlay,  and  what  might  be  the  comparative  difference  of 
expense  between  the  proposed  new  principle  and  the  present  mode  of 
haulage.** 

Fairbairn  now  proceeded  to  design  and  build  the 
"  Lord  Dundas,"  which  was  68  ft.  long,  ii  ft.  6  in.  beam, 
4  ft.  6  in.  deep,  and  having  a  i6-inch  draught  of 
water.  Her  shell  was  of  iron  plates  ^^^th  of  an  inch  thick, 
strengthened  with  light  angle  and  tee  iron  ribs,  and  fitted 
with  cabins  fore  and  aft.  The  engine,  which  was  of 
the  locomotive  type  —  with   one  cylinder  on  each  side, 
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and  equal  to  about  ten  horse  power — worked  a  single 
paddle  wheel  9  ft.  diameter  and  3  ft.  10  inches  wide, 
placed  a  little  aft  of  midships,  and  intended  to  make 
50  or  60  revolutions  a  minute.  The  wheel  worked  in 
a  trough,  extending  fore  and  aft  to  allow  of  the  flow  of 
water  to  and  from  the  paddles.  From  this  arrangement, 
it  was  called  a  "  twin  boat,"  although  the  general  con- 
struction of  the  body  was  single. 

This  little  boat  was  made  of  special  lightness  although 
at  the  same  time  put  together  in  a  very  substantial 
manner,  and  was  finished  in  1831.  Continuing  his 
narrative,  Mr.  Fairbairn  observes  : — 

*'  I  waited  with  anxiety  our  first  experiment)  and  having  launched  the 
▼esael  and  fixed  the  machinery,  we  proceeded  down  the  Irwell  a  few  miles 
below  Manchester,  for  the  purpose  of  making  the  preliminary  trial. 

'*  Daring  the  time  required  for  building,  I  had  frequent  opportunities 
of  considering  the  nature  of  the  engagement  I  had  entered  into  with  the 
Forth  and  Clyde  Canal  people.  It  was  true  I  had  made  no  promise  to 
acoompUsh  by  steam  what  had  been  done  by  horses,  but  I  considered  it 
worthy  of  trial,  and  undertook  to  construct  the  boat  and  engines,  and  also 
to  snperintend  the  experiments.  So  far,  the  agreement  was  clear  on  both 
sideSf  but  subsequent  considerations  and  greatly  matured  reflections 
modified  my  hopes,  and,  notwithstanding  the  lightness  of  the  vessel  and 
power  of  her  engines  promised  success,  yet  my  doubts  continued  to 
increase,  and  I  approached  the  day  of  trial  in  a  state  of  nervous  excite- 
ment of  no  enviable  kind.  I  had  certainly  (as  I  used  to  reason  with 
myself  before  the  boat  was  finished)  given  no  pledge  to  the  company,  but 
the  public  as  well  as  the  proprietary  would  expect  the  realization  of 
their  wishes,  and  if  I  did  not  suceed  I  must  fiiil,  and  failure  was  of  all 
things,  to  my  mind,  the  most  disagreeable. 

*'  In  this  way  I  tormented  myself,  and  passed  many  a  sleepless  night, 
in  order  to  devise  the  best  means  of  ensuring  success.  At  last  the 
dreaded  day  arrived,  and  a  party  of  friends  from  Glasgow,  Liverpool,  and 
Manchester  embarked  for  the  purpose  of  testing  the  qualities  of  the  new 
boat.  The  spot  selected  for  the  trial  was  a  narrow  straight  reach  of  about 
a  mile  in  length,  and  after  the  distance  had  been  carefully  measured,  we 
commenced  to  run  with  and  against  the  current,  when  the  maximum 
velocity  was  found  to  average  about  eight  miles  an  hour,  and  that  with 
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considerable  suige  in  front.  The  whole  day  was  spent  in  the  experi- 
ments, and  a  faithful  record  was  kept  of  the  time  occupied  in  running  the 
distance  both  ways. 

"  Mr.  Graham,  of  Glasgow,  who  took  great  interest  in  all  that  was 
done,  maintained  that,  as  a  first  essay,  it  was  very  successful.  I  thought 
differently,  but  kept  quiet,  since,  with  all  the  power  we  could  obtain,  we 
did  not  materially  increase  the  speed,  but  raised  a  much  greater  surge 
before  and  behind  than  it  had  ever  been  with  horse  traction,  and  thus  by 
sinking  the  vessel  in  a  trough  between  the  crests  of  the  preceding  and 
following  waves  we  appeared  to  hang  on  the  water  with  a  persistence 
which  no  power  emanating  from  the  boat  itself  could  overcome. 

'*  The  result  was  to  me  far  from  satisfactory,  as  I  thought,  even  in  this 
early  stage  of  the  experiments,  I  could  see  what  was  afterwards  realized, 
that  the  propulsion  of  a  vessel  having  the  propelling  power  within  itself  is 
entirely  different  from  the  force  employed  in  the  shape  of  traction  from  a 
towing  path.  In  the  latter  case,  the  vessel  is  free  from  the  load  of 
machinery  which  in  the  former  sinks  her  to  a  greatly  increased  depth. 
Wjth  horse  traction,  however,  the  boat  rises  upon  the  surface  of  the  water, 
and  with  comparative  ease  and  diminished  resistance  overrides  the  wave  ; 
but  when  hampered  by  a  steam  engine  and  all  connections,  including 
coal,  the  vessel,  from  its  increased  weight,  sinks  much  deeper  in  the 
water  and  considerably  intensifies  the  amount  of  surge. 

'*  The  '  Lord  Dundas  *  had  a  second  trial  on  the  river  from  Warring- 
ton to  Runcorn,  and  a  third  from  Runcorn  to  Liverpool  in  the  open 
tideway.  On  the  narrow  canal  our  speed  was  reduced  to  less  than  six 
miles  an  hour,  but  in  the  Mersey  the  engines  had  good  play,  and  we 
drove  along  at  the  rate  of  ten  miles  in  the  same  period. 

"During  the  trip  from  Runcorn  I  had  the  pleasure  of  the  company  of 
Mr.  George  Rennie,  to  whom  I  was  greatly  indebted  for  many  useful  and 
friendly  suggestions.  He  took  great  interest  in  the  experiments,  and 
made  many  enquiries  as  to  the  results,  which  he  considered  highly  satis- 
£eictory  under  the  circumstances.  As  we  steamed  down  the  river,  Mr. 
Rennie  got  alarmed  about  the  safety  of  such  a  fragile  boat  and  when  he 
heard  that  she  was  to  be  taken  by  sea  to  the  Clyde,  advised  all  who 
intended  going  in  her  to  wear  cork  jackets." 

At  five  o'clock  one  fine  morning  in  June,  2831,  she 
sailed  for  Douglas,  with  instructions  to  wait  for  Mr.  Fair- 
bairn,  who  would  arrive  next  day  by  the  regular  steamer 
from  Liverpool ;  but  during  this  adventurous  trip,  a 
discovery  was  made  which  became  of  great  value  in  the 
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Davigation  of  the  future  iron  ships.  After  crossing  the 
bar,  the  captain  steered  what  he  considered  the  proper 
course,  and  about  two  o'clock  in  the  afternoon  land  was 
in  sight,  which  he  said  was  the  west  side  of  the  Isle  of 
Man.  For  some  time  they  kept  steaming  as  before,  but 
the  commander  could  not  make  his  course  agree  either 
with  the  chart  or  with  the  appearance  of  the  land ;  and 
on  nearing  the  shore,  he  found  to  his  surprise  that  they 
were  on  the  coast  of  Cumberland.  This  very  wide  dis- 
crepancy completely  upset  the  calculations  of  the  skipper, 
who  had  now  to  run  for  Morecambe  Bay  to  avoid  a  gale 
which  was  approaching. 

On  the  following  afternoon  they  started  again  for 
Douglas,  where  they  arrived  in  safety,  and  found  Mr. 
Fairbairn  waiting  for  them  most  anxiously.  Upon  learn- 
ing the  incidents  of  the  voyage,  he  had  the  compass 
tested  with  the  aid  of  a  second  one  fixed  on  shore,  and 
thus  determined  the  effect  of  the  iron  hull  of  the  boat  in 
causing  such  a  dangerous  deviation.  This  is  now  a  very 
well  known  method  of  treating  the  compasses  of  iron 
ships,  but  at  the  time  referred  to  a  boat  of  this  material 
was  quite  a  new  thing,  and  the  prompt  detection  of  the 
error,  the  experimental  discovery  of  its  exact  amount, 
and  the  immediate  application  of  an  efficient  remedy, 
shewed  great  ability  on  the  part  of  the  young  engineer. 
To  correct  this  error,  a  piece  of  iron  was  placed  in  a 
position  opposite  to  that  of  the  ship's  attraction,  until  the 
needle  on  board  was  brought  in  a  line  parallel  to  the 
one  on  shore.  With  this  rough-and-ready  correction 
the  voyage  was  continued  with  certainty,  though  at  con- 
siderable risk,  and  they  all  eventually  arrived  safely  in 
Glasgow. 

The  boat  was  afterwards  tried  on  a  long  reach  of  the 
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Forth  and  Clyde  Canal ;  but  these  experiments  not  only 
confirmed  the  results  previously  worked  out  on.  the  Irwell, 
but  proved  indisputably  that  high  speed  could  never  be 
obtained  on  canals  when  the  vessel  had  to  carry  her  own 
propelling  machinery.     Fairbairn  adds : — 

"  This  wa3  undeniable,  and  although  we  had  abundance  of  power  to 
drive  her  nine  and  ten  miles  an  hour  in  open  water,  we  never,  even  in  our 
most  successful  experiments,  attained  more  than  seven  and  a  half  miles  an 
hour  on  the  canal,  with  a  high  swell  in  front  and  a  corresponding  one 
following  behind.  At  a  speed  of  five  to  ^y^  and  a  half  miles  the  *  Lord 
Dundas '  steamed  beautifully,  and  at  that  rate  she  carried  passengers  from 
Port  Dundas  to  Port  Eglinton  for  upwards  of  two  years. 

"These  experiments  were  sufficient  to  convince  the  most  sanguine  of 
the  proprietors  that  nothing  could  be  done  with  high  velocities  on  canals 
to  enable  them  to  compete  with  the  new  locomotives  then  in  process  of 
development  on  the  Liverpool  and  Manchester  railway.  Strongly 
impressed  with  this  conviction,  I  advised  the  Governor  and  Council  of  the 
Forth  and  Clyde  Company  to  abandon  the  attempt  of  carrying  the 
passenger  traffic  by  light  steamboats,  and  to  confine  their  operations  to 
a  class  of  steamers  that  would  act  as  tugs,  taking  the  barges  in  fleets,  and 
thus  expedite  the  delivery  of  goods  at  both  ends  of  the  navigation.  I 
further  advised  the  construction  of  iron  vessels  adapted  to  canal  and  sea 
navigation,  which  by  increased  rapidity  of  transit  would  meet  the 
demands  of  an  extended  traffic  in  parcels  and  h'ght  goods.  These 
suggestions  were  acted  upon,  and  I  had  the  satisfaction  of  being  the  first 
to  open  the  new  system  of  transport,  and  at  the  same  time  to  direct  atten- 
tion more  prominently  to  the  construction  of  iron  ships  in  general. 

The  employment  of  steam  as  a  towing  power  on 
canals,  has  now  been  found  very  advantageous  on 
account  of  the  adoption  of  the  screw  propeller.  There 
is  less  rubbing  of  the  vessels  against  the  banks,  the 
power  being  in  the  direct  line  of  pull  and  not  at  an  angle, 
as  with  horse  traction.  The  wear  and  tear  of  ropes  is 
much  reduced,  speed  is  increased,  and  bad  weather  pre- 
sents no  obstacles  on  the  track,  as  it  does  with  horses. 
Another  of  the  advantages  offered  by  the  use  of  steam 
tugs   is  the  cleansing   of   the    sloping    sides  from    the 
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deposit  of  mud  which,  falling  to  the  bottom,  can  easily 
be  removed  by  the  dredger. 

On  a  ship  canal  with  deep  water  as  many  as  thirteen 
loaded  vessels,  from  50  to  zoo  tons  register,  have  been 
towed  by  one  tug  at  the  rate  of  three  to  three  and  a  half 
miles  an  hour,  the  speed,  however,  for  small  vessels 
may  occasionally  attain  about  four  miles  an  hour,  but 
on  ordinary  canals  it  cannot  well  exceed  three  miles 
without  causing  such  a  disturbance  in  the  water  as  would 
be  injurious  to  the  banks. 

A  system  of  cable  towage  is  much  used  in  Belgium, 
and  considered  in  that  country  at  least,  to  be  very 
advantageous.  A  wire  rope  is  laid  along  the  bottom 
of  the  canal  throughout  the  whole  length  of  the  course, 
and  fastened  at  both  ends.  Tow-boats  are  provided 
with  engines  for  giving  motion  to  a  clip-drum  or 
pulley,  which  is  so  arranged  as  to  enable  it  to  grip 
the  cable  in  such  a  manner  as  to  prevent  it  from 
slipping — an  operation  which  is  automatically  regulated 
by  the  amount  of  the  load.  In  working  this  system,  the 
cable  is  raised  from  the  bed  of  the  canal,  and  placed 
in  the  groove  of  the  clip-drum  which  is  fitted  with 
suitable  appliances,  on  the  deck  of  the  tug  near  the 
bow.  When  the  engine  is  started,  it  pulls  the  tug  along 
with  its  fleet  of  boats,  by  "  clawing  *'  in  the  cable,  which 
is  delivered  over  the  stern,  and  left  to  sink  to  the  bottom 
until  required  again. 

It  may  be  asked,  ''Why  is  this  system  not  used 
in  England  ?  "  Well,  what  suits  one  country  may  not 
suit  another,  on  account  of  altered  circumstances.  In 
Belgium,  for  instance,  the  land  is  flat,  and  stations 
far  apart,  whereas  in  Great  Britain  the  latter  may 
frequently  be  very  close  to  each  other,  and  therefore  a 
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more  independent  and  generally  useful  system  is  neces- 
sary. 

This  is  to  a  large  extent  accomplished  by  means  of  the 
screw  propeller,  which  has  been  found  to  answer  very 
well,  when  modified  to  suit  the  requirements  of  our  canal 
traffic,  and  is  now  extensively  used  in  England.  No 
mechanical  system,  however,  has  yet  been  invented 
which  can  increase  the  speed  of  a  boat  economically, 
beyond  what  is  now  so  generally  allowed,  in  consequence 
of  a  natural  law  which  is  more  unchangeable  than  that  of 
the  Medes  and  Persians,  and  which  governs  the  resist- 
ance of  water  to  moving  bodies  in  narrow  and  shallow 
channels  such  as  those  just  referred  to. 

The  preceding  remarks  sketchily  describe  the  early 
stages  of  steam  navigation  under  the  most  disadvantage- 
ous circumstances.  We  need  only  add,  in  conclusion, 
that  so  correct  was  Mr.  Fairbaim  in  his  opinions  derived 
from  experimental  researches  on  this  subject,  that  no  one 
has  been  able  to  controvert  them.  The  system  and  style 
of  reasoning  also  which  he  employed  to  enable  him  to 
ascertain  conclusively  the  true  state  of  the  case,  will 
furnish  non -professional  readers  with  excellent  examples 
of  the  manner  in  which  engineering  problems  are  solved, 
even  to  the  present  day. 
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CHAPTER    XII. 

BAD   WORKMANSHIP. 

Tkonbles  of  the  Engineer-m-Chief-— AmbtgnooB  Specifications — Contrary 
readings  of  the  documents — Responsilulities  of  "  The  Engineer  " — 
Reckless  Competition— *' Lowest  Tender" — Cause  of  variation  in 
Estimates — "Cheap"  Machinery  unprofitable — Splendid  wearing 
qualities  of  high-ciass  Machinery — ^The  *' Rosalind's "  Engines — 
Office  work  £sr  advanced — Mr.  Macdonald*s  Improvements. 

Thbrb  is  nothing,  perhaps,  in  the  whole  range  of  the 
experiences  of  an  accomplished  engineer  which  tends  to 
make  him  more  irritable  and  anxious,  and  more  inclined 
to  use  unparliamentary  phrases,  than  having  to  super- 
intend, .survey,  or  be  in  any  way  associated  with  bad 
workmanship.  The  defects  of  inferior  material  are  some- 
times of  such  an  occult  character  as  to  render  their 
detection  rather  difficult,  if  not  occasionally  impossible; 
but  bad  workmanship  is  the  curse  of  engineering,  and 
indicates  gross  negligence  or  ignorance,  if  not  premedi- 
tated dishonesty  on  the  part  of  those  who  produce  it. 
It  includes  everything  that  is  thrown  together  in  that 
wretchedly  fitted  and  vilely  finished  style  which  is  often 
the  result  of  the  "  lowest  tender  '*  system. 

It  also  embraces  a  great  deal  that  is  fair  externally,  at 
least  so  far  as  you  can  see,  but  is  in  many  places  tight 
where  it  should  be  easy,  or  what  is  worse,  perhaps,  slack 
where  it  should  be  tight.  Joints  may  be  dangerously 
reduced  in  strength,  or  weak  in  the  fixing  at  some 
vital  but  apparently  insignificant  point,  owing  to  rivets 
or  bolts  having  been  squeezed  into  holes  which  should 
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have  been  cylindrical,  but  are,  nevertheless,  spherically 
triangular,  semi-demi- circular,  or  of  some  other  shape 
unknown  to  Euclid.  In  short,  this  style  of  work  takes 
in  the  one-hundred-and-one  diflferent  methods  adopted  by 
inferior  hands  when  they  execute  what  is  libellously 
called,  in  Scotland,  a  **  Manchestered  job.'* 

An  engineer's  annoyance  and  anxiety,  which  the 
superintendence  of  such  work  entails,  may  be  easily 
explained.  He  acts  professionally  for  his  clients,  and 
is  expected  to  see  that  a  contract  is  carried  out  in 
first-class  style,  generally  from  his  own  drawings,  but 
sometimes  from  those  of  other  people.  If  the  accepted 
estimate  is  a  fair  one — though  the  lowest — and  the  people 
who  sent  it  have  a  character  to  lose,  they  will  take  care, 
for  their  own  reputation,  that  everything  is  properly 
executed,  even  at  a  loss  to  themselves,  and  this  is  what 
some  of  the  great  firms  we  have  mentioned  in  previous 
pages  have  frequently  done.  Under  these  circumstances 
the  private  engineer  will  have  no  reasonable  cause  for 
grumbling. 

If,  on  the  other  hand,  it  should  happen  that  some  rash 
speculator  has  seized  the  order,  determined  to  evade  in 
some  way  or  other  what  may  be  legally,  but  not  morally, 
a  somewhat  ambiguously-worded  specification,  then  the 
superintending  engineer  may  look  out  for  himself,  or  he 
will  soon  get  into  trouble,  as  some  of  the  evils  we  have 
mentioned  will  be  secretly  sowing  the  seeds  of  future 
disaster  and  loss. 

Although  the  engineer-in-chief  is  responsible  for  the 
quality  of  the  work  generally,  he  cannot  be  expected  to 
treat  any  firm  so  shabbily  as  to  go  round  and  try  every 
bolt,  and  nut,  and  *' bearing,"  and  also  take  to  pieces 
every  detail  of  engines,  boilers,  ships,  or  indeed  any  other 
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class  of  machinery,  as  if  the  builders  were  so  many 
thieves  and  robbers.  If  such  a  state  of  things  existed, 
we  think  the  sooner  this  gentleman  resigns  his  position, 
the  better  it  will  be  for  his  peace  of  mind. 

Supervision  of  this  kind  is  utterly  unknown  among 
good  people,  where  the  most  honourable  feeling  prevails 
on  all  sides.  I  am  constrained  to  say,  however,  that 
were  it  not  for  careful  inspection  on  the  part  of  the  engi- 
neer, workmanship  would  often  be  introduced  which  was 
not  in  accordance  with  the  specification,  simply  because 
that  document  wanted  clearness  in  its  statements,  and 
gave  occasion  for  contrary  readings ;  that  is  to  say,  the 
superintending  engineer  studies  it  from  one  point  of  view, 
and  the  contractor  from  another,  possibly  one  that  is 
more  favourable  to  himself.  Hence  the  necessity  of  great 
perspicuity  and  simplicity  in  describing  what  is  required 
in  specifications  for  small  as  well  as  for  large  contracts, 
otherwise  expensive  and  troublesome  litigation  may  arise 
which  might  easily  have  been  avoided.  So  fully  has  the 
subject  been  written  about  in  our  scientific  journals,  that 
engineers  are  now  much  better  educated  on  this  point 
than  they  were  some  years  ago,  and  know  pretty  well 
what  to  avoid. 

Calculations  may  be  very  accurate^  and  working  draw 
ings  very  clear  and  exact,  but  there  are  many  instructions 
relating  to  the  execution  of  the  work  shewn  on  the  plans 
that  may  be  quite  intelligible  to  the  person  who  origin- 
ated them,  although  hazy  in  some  respects  to  others.  A 
good  specification  is  very  binding  on  all  parties  con- 
cerned, and  a  lawyer  sometimes  has  a  hand  in  giving 
force  to  its  statements,  for  the  purpose  of  securing  what 
is  desired  in  the  fullest  possible  manner. 

For  example,  the  specification  for  great  and,  indeed. 
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for  many  small  undertakings,  states  what  the  words 
"  corporation,*'  "  contractor,"  "  engineer,"  etc.,  definitely 
mean,  and  also  to  whom  they  refer;  what  kind  and 
quality  of  materials  are  to  be  used ;  how  the  work  is  to 
be  done ;  what  class  of  workmen  are  to  be  employed  on 
it ;  and  what  the  foremen  have  to  do,  so  that  no  inferior 
methods  of  construction  are  resorted  to  by  careless 
*'  hands."  Full  particulars  are  also  given  as  to  testing, 
erecting,  painting,  and  finishing,  **  to  the  satisfaction  of 
the  engineer,"  who  has  authority  to  condemn  everything 
that  is  not  in  accordance  with  the  specification,  or  with 
his  own  ideas,  and  make  the  contractor  rectify  all  faulty 
parts  at  his  own  expense. 

<*  The  engineer  "  is  also  the  judge  in  all  cases  where 
disputes  arise  regarding  "  quantities,"  and  ''  extras," 
which  are  allowed  for,  or  <<  deductions "  in  the  work, 
which  are  subtracted  from  the  estimate.  As  the  time  for 
completion  of  contract  is  in  many  cases  fixed  beforehand, 
and,  perhaps  under  a  penalty,  that  gentleman  has  also  to 
be  the  arbitrator  for  his  clients,  and  settle  what  is  to  be 
done  in  the  event  of  any  unnecessary  delay,  and  besides 
his  other  duties,  has  to  apportion  periodical  payments  to 
the  contractor  as  the  undertaking  proceeds. 

There  is  nothing  in  professional  life  that  gives  us  more 
pleasure  than  to  see  our  schemes  prospering,— everything 
'*  coming  in  "  nicely,  and  an  air  of  joy  and  peace,  happi- 
ness and  serenity  pervading  all  those  we  are  associated 
with.  But,  on  the  other  hand,  it  is  extremely  disagreeable 
either  to  find  out  that  some  mistake  ol  ours  has  been 
acted  upon,  or  that  the  contractor  has  done  something 
which  must  be  put  right  at  all  hazards,  no  matter  how 
low  the  estimate  has  been.  All  engineers  know  this  more 
or  less,  and  the  only  protection  they  have  is,  in  the  first 
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place,  to  send  out  accurate  and  well-considered  plans, 
and  in  the  next,  clearly- worded  and  full  specifications. 

There  is  such  severe  competition  nowadays,  that  the 
"  lowest  and  accepted  tender  '*  may  leave,  mildly  speaking, 
no  room  for  any  profit.  With  eminent  firms,  however, 
such  as  those  we  have  so  frequently  alluded  to,  their  own 
exalted  name  and  character  is  a  sufficient  guarantee  that, 
at  any  loss  to  themselves,  the  contracts  they  accept  will 
be  faithfully  executed ;  and  I  am  sure  that  people  such  as 
Napier,  Denny,  Laird,  and  Maudslay,  would  as  soon 
think  of  eating  a  piece  of  stewed  cylinder  cover  or  fried 
air-pump  valves  for  breakfast,  as  of  sending  out  machinery 
which  was  not  fully  in  accordance  with  their  own  high- 
class  ideas  of  excellence. 

The  obnoxious  "  lowest  estimate  '*  is  variable,  even 
with  the  same  people,  but  at  different  times.  For 
instance,  suppose  a  great  bridge,  or  set  of  pumping 
or  other  engines,  or  even  small  gear  of  any  kind  in  large 
quantities  have  to  be  made.  When  the  estimates  arrive, 
it  may  be  found  that  Messrs*  Crank,  Flywheel  &  Co.  are 
at  the  top,  and  Snatchblock  &  Pulley  at  the  bottom  of 
the  list,  and  if  the  latter  firm  are  considered  good  enough 
to  do  the  work,  they  will  get  it. 

Six  months  later,  however,  this  state  of  things  may  be 
reversed,  because  by  that  time  Messrs.  S.  &  P.  have 
received  large  orders,  are  very  independent,  and  ask 
what  they  please,  without  troubling  themselves  much 
when  invited  to  tender;  whereas  C,  F.  &  Co.  have 
finished  all  their  work,  and  are  glad  enough  to  take  a 
contract  at  almost  any  price,  so  that  they  may  be 
enabled  to  keep  their  staff  together  and  their  establish- 
ment going. 

The  effects  of  bad  workmanship  and  unduly  low  esti- 
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mates  on  private  as  well  as  manufacturing  engineers 
have  been  briefly  stated,  but  there  is  another  side  of  the 
question,  and  this  concerns  the  clients,  who  are  some- 
times the  sufiferers,  because  they  fancy  that  sloppy 
though  *' cheap"  engines  and  boilers  are  profitable. 
Such  machinery  is  indeed  objectionable  at  any  price, 
because  it  may  involve  loss  of  time  and  fortune  through 
stopped  factories,  delayed  and  perhaps  lost  ships,  boiler 
explosions,  and  other  disasters  too  numerous  to  mention. 
The  only  cheap  machinery  deserving  recommendation 
is  that  which  is  carefully  made  by  trustworthy  people  at 
a  moderate  price,  and  from  its  design  and  construction 
capable  of  doing  what  is  required  of  it  in  the  most^ 
efficient  manner,  and  with  the  least  outlay  for  working 
expenses  and  maintenance.  So  thoroughly  is  this  known 
to  those  who  are  extensive  employers  of  every  description 
in  mills,  on  railways,  and  in  steam  navigation,  that 
they  rigidly  exclude  everything  of  a  second-rate  nature, 
because  the  saving  in  first  cost  would  be  more  than 
counterbalanced  by  the  evils  just  mentioned. 

It  was  amongst  Whitworth's  machinery,  that  I  had  the 
honour  of  beginning  my  career,  and  even  now,  when 
standing  beside  one  of  his  early  productions,  great  or 
small,  I  feel  myself  in  the  presence  of  a  machine  whose 
material  is  of  the  very  highest  and  most  suitable  quality, 
and  whose  workmanship  cannot  even  now  be  surpassed. 
It  may  only  be  added  that  these  qualities,  combined  with 
the  most  admirable  design,  have  built  up  a  reputation  of 
world  wide  celebrity.  Only  recently,  I  saw  a  few  of 
these  machines  in  a  great  railway  establishment,  and 
although  about  thirty-seven  years  old  they  were  still  in 
fair  order  and  working  satisfactorily.  It  would  be  unjust 
to  other  engineers  not  to  mention  that  there  are  many  of 
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them  now  who  can  do  quite  as  well  in  their  own  establish- 
ments, but  some  of  them,  at  least,  are  indebted  to  the  late 
Sir  Joseph  Whitworth  for  the  education  they  obtained  in 
his  most  admirable  school  of  thought  and  practice. 

The  hulls,  engines,  boilers,  and  all  other  gear  belong- 
ing to  our  three  ships,  "  Rosalind,"  "  Andromeda,"  and 
••  Clytemnestra,"  —  now  building — ,  are  all  of  this  high- 
class  standard,  and  Mr.  Macdonald  is  delighted  with 
them.  Only  the  other  day  Mr.  Bouverie  said  to  him  in 
the  erecting  shop — 

*'  Well,  Mr.  Macdonald,  how  do  you  think  we  are 
progressing  ?  " 

"  You  are  getting  on  first-rate,  sir  ;  things  seem  to 
come  in  very  nicely,  and  they  are  making  a  magnificent 
job  of  these  engines,"  was  the  reply. 

The  fact  is,  that  all  the  plans  and  details  are  working 
out  splendidly,  with,  of  course,  a  few  small  but  import- 
ant alterations  from  time  to  time,  that  is  to  say,  a  little 
shortening  here,  and  a  wee  bit  lengthening  there, — ^a 
few  more  bolts  in  one  place,  and  perhaps  a  few  less  in 
another.  I  can  promise  Mr.  Macdonald  this,  however, 
that  whether  he  visits  the  works  or  not,  neither  Mr. 
Bouverie,  nor  the  firm,  will  let  those  engines  out  of  their 
thoughts  by  night  or  by  day,  and  from  first  to  last,  until 
they  have  done  all  that  mortals  can  possibly  accomplish, 
to  attain  the  highest  excellence  in  their  arrangement  and 
construction.  Non-professionals  can  hardly  realise  this, 
because  the  machinery  is  of  a  new  type,  which  requires 
a  complete  and  most  extensive  set  of  fresh  drawings,  and 
it  is  only  through  a  long  and  intimate  acquaintance  with 
the  internal  working  of  great  marine  establishments  that 
even  professionals  can  comprehend  it. 

No  engineer,  however  talented,  can  grasp  at  once  all 
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he  wishes  to  know.  His  ideas  expand  from  day  to  day — 
things  previously  unseen  are  made  manifest — general  and 
also  detail  drawings,  are  altered  in  every  way  to  suit 
the  latest  flash  of  thought — ^materials  are  more  scientifi- 
cally distributed  so  that  strength  may  be  combined  with 
lightness  and  economy  in  manufacture.  Indeed,  nothing 
can  be  too  small  or  apparently  insignificant  to  escape  the 
rigid  scrutiny  of  men  who  well  know  that  life  or  death, 
safety  or  destruction,  so  often  depend  upon  littU  things. 
One  of  the  latest  examples  of  this  was  the  bursting  of  the 
Royal  Mail  S.S.  ''Elbe*s"  main  steam  pipe  in  1887, 
during  her  trial  trip.  It  was  only  a  small  rent  in  a  new 
copper  pipe,  for  which  no  one  could  be  blamed,  and  yet 
it  killed  ten  people  before  the  steam  from  the  boiler  could 
be  shut  off.  This,  however,  is  only  one  of  the  numerous 
side-lights  of  good  engineering  practice. 

The  office  work  is  now  far  advanced,  and  whatever 
improvements  have  been  introduced  into  the  first  set  of 
engines,  will  be  utilised  without  further  trouble  in  the 
second  and  third  sets.  Mr.  Macdonald  has  become  quite 
a  favourite  with  everyone  he  comes  in  contact  with,  and 
especially  with  his  friends  in  the  drawing  department, 
who  fancy  themselves  well  out  of  the  wood,  that  is  to  say, 
all  the  additional  *'  eighths  *'  in  diameter  to  bolts  through- 
out the  engines,  and  extra  *'  quarters  **  and  <*  half  inches  *' 
given  to  rods  and  shafts,  have  been  put  into  the  drawings 
from  time  to  time,  as  well  as  other  little  alterations  of 
a  varied  character  the  superintending  engineer  thought 
advisable. 

Things  are,  therefore,  well  past  the  rectifying  stage, 
but  even  now  a  discovery  has  been  made  in  the  '<  General 
arrangement  of  engines  and  boilers.*'  Mr.  Watt,  the 
draughtsman,  has  been  explaining  different  parts  of  the 
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plan  to  this  gentleman, — ^who  has  paid  him  a  visit, — and 
showing  to  his  own  satisfaction,  at  least,  how  well  all  the 
details  will  work  out,  and  how  handy  they  will  be  in 
every  respect. 

••  Yes,"  says  Mr.  Macdonald,  "  everything  looks  first- 
rate,  but  you  have  too  sprawly  an  arrangement  in  that 
comer — ^pointing  to  the  port-forward  end  of  the  engine- 
room — ^which  will  have  to  be  altered." 

''Well,  I  could  have  made  a  more  compact  arrange- 
ment, but  I  wished  to  give  you  a  little  more  room  for 
working,"  observes  Mr.  Watt. 

"  Very  true ;  but  suppose  you  had  a  field  you  wanted 
to  build  houses  in,  what  would  you  do  ?  " 

"  I  don't  know." 

*'  Wouldn't  you  like  to  put  them  as  close  together  as 
possible  ?  " 

"  I  don't  think  I  would." 

"  Well,  that  is  just  exactly  what  I  wish  you  to  do  in 
this  case.  Put  that  donkey  more  into  the  corner,  shorten 
the  bends  of  those  pipes,  and  put  these  suction  -  and 
delivery  valve  boxes  a  little  closer  together,  and  then  you 
will  be  right." 

Mr.  Ellington,  the  chief  draughtsman,  is  appealed  to 
before  anything  previously  sanctioned  can  be  amended, 
and  his  opinion  is  that  "the  arrangement  could  not  be 
better,  but  I  suppose  we  shall  have  to  alter  it  to  please 
him."    It  is  altered. 

In  course  of  the  next  fortnight,  Mr.  Macdonald  is 
again  making  a  tour  of  observation  in  the  works,  and 
again  looks  at  this  plan  approvingly. 

"That  will  do  very  nicely,"  he  remarks,  "just  go  on 
as  you  are  doing,  but  man," — he  says,  bringing  himself 
up  with  a  jerk — "  what  is  this  you  are  about  ?    You  have 
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jammed  everything  into  that  corner  in  such  a  way  that 
no  one  can  get  at  it.    That  will  never  do.'* 

"  I  thought/'  replies  Mr.  Watt,  "  that  was  just  what 
you  wished." 

"  Yes,  but  you  have  gone  to  the  other  extreme  now, 
you  surely  couldn't  expect  men  on  board  a  ship  to  work 
these  things  properly." 

If  the  truth  must  be  told,  Mr.  Macdonald  has  found 
out  that  they  were  better  as  they  were,  but  as  it  would  be 
rather  humiliating  to  adopt  a  discarded  idea  fourteen 
days  old,  he  suggests  a  medium  arrangement,  which  the 
draughtsman  informs  him  "will  be  very  awkward,  as 
all  the  details  are  in  the  shops,  and  may  be  partly  made 
by  this  time — pity  he  didn't  know  about  it  sooner,  etc." 

The  end  of  it  is,  that  every  tracing  referring  to  the 
disputed  subject  has  to  be  sent  for,  inquiries  made  con- 
cerning what  has  been  done,  and  the  work  stopped  until 
the  alterations  are  put  in  in  crimson  lake,  and  the 
tracings  returned.  As  the  superintending  engineer  has 
never  made  a  half-inch  scale  drawing  of  this  kind  in  his 
life,  he  has,  of  course,  a  rather  hazy  idea  of  distances  on 
a  plan,  hence  the  unnecessary  and  troublesome  altera- 
tions just  referred  to.  Had  he,  however,  seen  the  real 
work  in  the  actual  ship,  he  would  have  told  you  exactly, 
straight  o£f  the  reel,  whether  it  would  have  done  or  not, 
and  maintained  his  opinions,  too.  It  may  be  useful  to 
add  that  there  is  a  kind  of  ocular  deception  about 
drawings  which  has  to  be  guarded  against.  This  is 
particularly  the  case  with  full-size  details,  as  they  always 
look  larger  than  the  work  they  represent  when  finished. 
The  figured  dimensions,  however,  efficiently  correct  these 
false  impressions. 

As  previously  observed,  everyone  in  the  office  engaged 
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on  the  plans  for  the  "  Rosalind  '*  and  her  sister  ships, 
feels  as  if  he  were  getting  clear  of  his  difficulties,  and 
looks  upon  a  visit  from  Mr.  Macdonald  as  a  source  of 
enlivenment,  as  he  is  full  of  quaint  narratives,  funny 
illustrations,  tales  of  the  ocean,  and  yarns  from  the  engine 
room  to  fire  o£f  when  he  has  time  to  do  so.  On  one 
occasion,  he  came  in  upon  Mr.  Ellington,  when  he  was 
busy  examining  about  a  dozen  tracings  of  details  before 
sending  them  out,  and  also  entering  them  in  a  large  book 
kept  for  the  purpose.  He  had  just  got  as  far  as 
"Engines*  No.  850;  Air  Pump  Levers,  No.  3i>999» 
January  i8th,  1889 ; "  when  the  visitor  arrives,  and  work 
is  for  a  few  minutes  suspended,  so  that  both  may  have  a 
chat  upon  things  in  general. 
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CHAPTER  XIIL 

SYSTEM    OF    DESIGN    AND     CONSTRUCTION     IN 

MARINE     ENGINES. 

Method  of  proportioning  Engine  Power  to  required  Speed  of  Ships- 
Experiments  with  Steamers  at  various  speeds  to  ascertain  the 
actual  Powers  —  Leading  Dimensions  and  Calculations  of  the 
**  Rosalind's "  Engines  and  Boilers — Rules  for  determining  size  of 
Triple  Crank  Shafts,  etc. — Arrangement  of  Drawings  and  Tracings 
in  Office — Mr.  Macdonald's  Sea-going  experiences—Board  of  Trade 
Examinations — Great  activity  in  Erecting  Shop— Description  of 
**  Rosalind's  "  Engines  as  they  now  appear — Leading  principles  in 
Machinery  Construction — Lifting  Gear  and  Tackle — Engine  Founda- 
tions— Shrinking  on  the  "  Connaught*s  "  Cranks — Modern  system 
of  finishing  Crank  Shafts — Serious  Galvanic  action  in  a  Propeller 
Shaft. 

Wb  may  now  briefly  describe  the  preliminary  operations 
that  have  to  be  performed  before  the  sketch  design  for 
the  engines  and  boilers  of  a  ship  can  be  proceeded  with. 

After  the  leading  particulars  and  speed  of  the  pro- 
posed vessel  have  been  decided  upon,  the  first  thing  to  be 
done  is  to  ascertain  how  much  indicated  horse-power  is 
required  to  drive  her  at  the  intended  velocity.  This  is 
accomplished  chiefly  by  calculation,  and  partly  by  means 
of  data  referring  to  other  similar  ships,  and  additionally 
in  some  instances,  by  means  of  model  experiments  in  a 
specially  constructed  watertank  on  Dr.  Froude*s  system. 
These  computations  are  more  or  less  affected  by  the  lines 
of  the  ship,  which  give  the  "  coefficient  of  fineness  " — 
by  **  the  displacement  in  tons  '* — by  **  the  immersed  mid- 
ship section  *' — by  the  friction   of  the   ship  in  passing 
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through  the  water,  and  by  the  fluid  resistance  at  various 
speeds  already  mentioned  in  connection  with  the  screw 
propeller. 

As  previously  stated,  the  power  required  to  drive  a 
ship  at  dififerent  velocities  varies  as  their  cubes,  which 
may  be  considered  fairly  correct  in  a  general  sense  when 
above  ten  knots  per  hour.  The  following  particulars, 
however,  taken  from  the  trial  trips  of  well  known 
steamers,  will  shew  at  a  glance  the  practical  utility  of  the 
above  rule.  The  "  true  speeds  "  given  are  in  knots  per 
hour,  and  the  cubes  of  these  velocities,  with  their  corre- 
sponding indicated  horse -power,  as  well  as  the  calculated 
powers,  are  added  for  comparison. 

S.S.  "  Egyptian  Monarch." 

True  speeds     ...  13*26  ...  12*58  ...  11*21  ...  6.4  knots. 
Cubes  of  do.    ...  2330  ...   2000  ...   1410  ...  263 
Actual  I.H.P....    2822  ...  2298  ...   1498  ...  287 
Calculated  do....   2677...  2125  •••   1538...  — 

S.S.  "Taupo.** 

True  speeds    ...  i2'44  ...  9*97  ...  8*2  ...  5*25  knots. 

Cubes  of  do.    ...   1911  ...    993  ...  552  ...  145 

Actual  I.H.P  ...    1084  ...    520  ...  295  .••  102 

Calculated  do....   looi  ...  530  ...  388  ...  — 

When  the  required  horse-power  has  thus  been  found, 
the  diameter  of  the  high  pressure,  intermediate,  and  low 
pressure  cylinders,  and  also  the  stroke  of  the  proposed 
engines  are  calculated,  having  as  a  basis  a  steam  pressure 
of  about  150  pounds  per  square  inch,  and  the  intended 
number  of  revolutions  per  minute. 

The  empirical  method  of  proportioning  the  boilers,  is 
to  allow  about  2f  square  feet  of  total  heating  surface,  and 
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-085  of  a  square  foot  of  fire  grate  per  indicated  horse- 
power. From  these  leading  particulars  may  he  found  the 
numher  of  hoilers,  and  also  their  diameter  and  length. 

The  rational  science  rule,  however,  is  to  ascertain  the 
number  of  cubic  feet  of  steam  the  high  pressure  cylinder 
will  use  per  hour  at  so  many  strokes  per  minute,  and 
cutting  o£f  for  expansion  at  any  fixed  point  of  the  stroke. 
Having  found  the  quantity  of  steam  required  in  the 
engines,  and  also  the  quantity  of  water  from  which  to 
make  that  steam  at  the  given  pressure,  allow  in  the  next 
place  for  the  ordinary  coal  consumption  of  fifteen  pounds 
per  square  foot  of  fire  grate  per  hour.  Then  upon  this 
basis  calculate  the  amount  of  fire  grate  and  heating 
surface  necessary  to  evaporate  the  water,  and  thus  create 
sufficient  steam  to  drive  the  engines  at  their  highest 
speed.  This  is  right  enough  in  theory,  but  in  practice 
ample  allowance  must  be  made  to  cover  waste  from  a 
variety  of  causes. 

As  the  leading  proportions  of  the  "  Rosalind's  '*  6,000 
indicated  horse  power  machinery  have  now  been  deter- 
mined in  the  drawing  ofiice,  a  few  of  them  may  be  given 
as  follows : — 

High  pressure  cylinder,  40"  diameter. 
Intermediate  cylinder,  66"  diameter. 
Low  pressure  cylinder,  100"  diameter. 
Piston    rods,  for   all    the  cylinders,  of   mild  steel,  9^" 

diameter. 
Crank  shaft,  of  Vickers'  mild  steel,  in  three  interchange- 
able pieces ;  each  bearing  ai"  diameter. 
Tunnel  shafts,  so"  diameter;   and  propeller  shafts,  21" 

diameter,  all  of  Vickers*  steel. 
Total  cooling  surface  in  condenser  tubes,  11 ,546  square 
feet. 
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Two  single  acting  air  pumps,  30"  diameter  and  33"  stroke. 
Two  centrifugal  pumps,  for  condenser,  each  being  driven 

by  a  pair  of  engines,  having  steam  cylinders  8"  and 

16"  diameter  by  10"  stroke. 
Two  feed  pumps,  7"  diameter  and  33"  stroke. 
Two  bilge  pumps,  7"  diameter  and  33"  stroke. 
Six  boilers,  13'  &'  diameter  by  18'  o"  long,  suitable  for  a 

working  pressure  of  160  pounds  per  square  inch. 
Total  heating  surface,  17,640  square  feet. 
Total  fire  grate  surface,  627  square  feet. 
Propeller,  of  Willis's  anti-corrosive  steel,  22'  o   diameter ; 

and  pitch,  varjring  from  27'  o"  to  30'  o". 
Total  fiat  area  of  blades  149*6  feet. 

These  dimensions  refer  only  to  some  of  the  principal 
parts,  whose  details,  as  well  as  all  the  minor  details  of 
engines,  boilers,  and  their  connections  throughout  the 
ship,  have  to  be  very  carefully  calculated  and  arranged  as 
the  work  proceeds. 

The  application  of  a  few  of  the  rules  mentioned  in  a 
previous  chapter  may  here  be  appropriately  introduced. 
For  example,  the  areas  of  the  cylinders  of  our  engines — 
40",  66",  and  xoo"  diameter — ^must  have  a  certain  ratio,  so 
that  the  power  given  out  by  each  will  be  nearly  uniform. 
The  ratios,  therefore,  of  the  above  cylinders  are  i,  2*7, 
and  6*25 ;  the  mean,  however,  of  sixteen  sets  of  engines, 
by  as  many  different  makers,  is  i,  2-54,  and  7*07,  where 
the  steam  is  cut  ofif  at  three-fifths  of  the  stroke. 

If  the  piston  rods  had  been  of  iron,  10"  diameter,  or 
100  -T-  10,  they  would  have  done  well,  but  as  they  are  to 
be  of  steel,  we  have  reduced  them  10  per  cent,  in  area, 
that  is,  to  g^l'  diameter. 

The  crank  shaft  could  safely  be  =  high  pressure 
cylinder  diameter  -^  2  &s  20",  instead  of  31"  diameter,  but 
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as  the  ''  Rosalind  "  is  intended  for  long  voyages,  a  frac- 
ture of  that  most  important  part  might  entail  very  serious 
consequences.  On  the  Atlantic  station,  however,  a 
similar  breakdown  would  not  be  so  disastrous,  owing  to 
the  shortness  of  the  trip,  and  the  number  of  vessels  in 
the  track  which  could  give  assistance  when  required. 

The  Board  of  Trade  formula  for  three  crank  com- 
pound engines  is : — 

8 

V(d'  X  P)  +  D'  X  15 

aoi6  =  f  ^  ^' 

Where    d  =  High  pressure  cylinder  diameter. 
„      D  =  Low  pressure  cylinder  diameter. 
„      P  =  Steam  pressure  in  boilers. 
,,       C  =  Length  of  crank  in  inches. 
,,        f  =  Constant  for  three  crank  shafts. 
„     15  =  Assumed  pressure  in  low  pressure  cylinder. 

By  applying  this  rule  to  our  own  engines,  and  leaving 
the  intermediate  cylinder  out  of  the  question,  we  get  19^'' 
for  the  diameter  of  shaft,  which  is  the  least  dimension 
the  Board  of  Trade  will  permit.  Since,  however,  their 
proportions  are  in  all  cases  taken  as  the  hmtst  limit  of 
strength,  good  engineers  make  ample  allowances  when 
necessary,  not  only  to  prevent  the  bare  possibility  of 
accident,  but  also  to  insure  the  highest  performances  of 
their  machinery  in  every  sense  of  the  word,  and  thus  it  is 
that  some  ships  are  so  wonderfully  successful  in  speed, 
and  also  in  freedom  from  accident  on  ocean  voyages. 

The  condenser  cooling  surface  is  very  nearly  two 
square  feet  per  horse  power,  or  in  this  instance,  thirty- 
five  times  the  content  of  the  100"  cylinder,  which  is  equal 
to  327*24  cubic  feet. 
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The  content  of  hoik  air  pumps  is  27  cubic  feet,  or 
almost  exactly  yV  ^^  ^^  ^^'  cylinder. 

The  circulating  pump  gear  is  driven  as  already 
described ;  but  in  smaller  ships  it  is  generally  worked  by 
the  main  engines,  and  the  quantity  of  water  delivered 
through  the  cooling  pipes  depends  more  or  less  upon 
whether  the  ship  is  to  run  iu  tropical  seas  or  in  Atlantic 
waters. 

The  content  of  each  feed  pump — 7"  diameter  by  33" 
stroke — is  1,270  cubic  inches,  and  as  the  content  of  the 
high  pressure  cylinder — 40"  diameter  by  72"  stroke— is 
90^.75  cubic  inches  ;  the  ratio  of  their  capacities  is  there- 
fore z  to  71*25. 

The  bilge  pumps  are,  as  a  rule,  made  the  same  size, 
and  the  diameters  of  all  the  pipes  through  which  water  is 
forced  are  so  determined  as  to  allow  a  fluid  velocity  of 
not  more  than  450  feet  per  minute.  This,  however,  is 
often  much  reduced. 

The  total  boiler  heating  surface  of  17,640  square  feet-r- 
6,000  =  2*9  square  feet  per  indicated  horse  power,  and  the 
fire-grate  surface  of  627  feet  -7-  6,000  =  nearly  ^'^  of  a 
square  foot  per  H.P.  Therefore,  the  ratio  of  fire  grate 
area  to  heating  surface  is  in  this  case  =  17,640  -f-  627,  or 
or  as  I  to  28.  In  general,  however,  this  proportion  is 
about  I  to  30. 

These  few  examples  may  perhaps  be  sufficient  to  indi- 
cate in  a  general  way  how  the  leading  proportions  of 
engines  and  boilers  are  directly  ascertained,  but  if  the 
reader  wishes  to  study  the  subject  in  detail,  the  text- 
books, aided  by  practical  observation,  will  no  doubt 
prove  useful.  It  may  be  added  that  the  dimensions  and 
particulars  given  above  for  the  S.S.  *'  Rosalind  "  may  be 
safely  trusted,  because  they  are  exactly  the  same  as  those 
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of  the  magnificent  and  highly  successful  Orient  liners 
**  Oroya  "  and  "  Orizaba,"  recently  built  by  the  Barrow 
Shipbuilding  Company,  whose  "  allowances  "  —  profes- 
sionals must  admit — have  been  liberal. 

Mr.  Macdonald*s  Sea-going  Experiences — Marine 

Engine  Construction. 

When  an  engineering  firm  begins  to  make  its  first  pair 
of  engines,  these  engines  are  ever  afterwards  known  as 
**  No.  I,'*  and  the  first  drawing  or  tracing  has  also  the 
same  title  applied  to  it,  but  every  additional  one  is 
numbered  in  consecutive  order, — as  indicated  in  the  last 
chapter, — and  continued  throughout  every  set  of  engines 
and  boilers  as  long  as  the  firm  is  in  existence;  hence, 
in  time,  very  high  numbers  may  be  arrived  at. 

This  practice  not  only  shews  how  many  plans  have 
been  made  since  the  beginning,  but  is  of  great  assistance 
when  reference  is  made  to  drawings  months  or  years 
back.  The  engines  are  numbered  from  the  first  set 
onwards,  and  in  regular  order,  no  matter  what  their  size 
or  description  may  be,  or  whether  they  are  paddle  or 
screw,  hence  "  No.  750 "  may  represent  a  set  of  twin 
screw  machinery  of  10,000  indicated  horse  power  for  an 
ironclad,  and  *'No.  751"  a  pair  of  tiny  launch  engines 
you  might  almost  carry  in  your  arms.  The  boilers,  too, 
are  similarly  numbered,  so  also  are  the  ships,  but  in  all 
cases  independently  of  each  other,  and  the  reason  is, 
that  some  firms  have  built  very  many  ships  before 
starting  as  marine  engineers,  and  vice  versd. 

Then,  again,  numerous  engines  are  made  for  ships 
built  elsewhere,  and  for  old  vessels  requiring  improved 
machinery.  Multitudes  of  boilers  are  also  in  the  same 
manner  constructed    either    for  home    use  or    to  send 
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abroad ;  it  will  therefore  be  clearly  seen  that  carefulness 
in  numbering  is  absolutely  necessary  to  prevent  confu- 
sion, with  its  attendant  worry  and  loss  of  time. 

Another  point  of  the  system  is  the  arrangement  of 
drawings  and  tracings,  in  drawers  or  otherwise.  Cloth 
or  paper  tracings  for  a  set  of  engines  and  boilers  are 
generally  folded  and  tied  up  in  bundles  when  done  with, 
and  have  a  large  parchment  label  attached,  giving 
''number,*'  or  in  some  cases  a  class  term,  such  as 
"  Valves,"  "  Boiler  mountings,*'  etc.  Drawings  and 
heliographs,  on  the  other  hand,  are  put  away  in  large 
drawers  about  three  inches  deep,  for  easy  reference  at 
any  time.  One  of  the  best  methods  of  accomplishing 
this  is  to  let  all  the  drawers  have  printed  titles,  such  as 
"  Engines,*'  **  Boilers,"  *•  General  arrangements,"  "  Brass 
fittings,"  and  so  on,  but  in  other  cases  two  or  more 
*' numbers"  are  given  instead  for  the  general  details, 
which  should  be  kept  in  the  places  assigned  for  them,  or 
endless  confusion  would  arise. 

As  previously  stated  in  the  last  chapter,  Mr.  Mac- 
donald  has  paid  the  chief  draughtsman  a  visit,  and  both 
are  now  engaged  in  lively  conversation. 

"  Yes,"  observes  the  former,  "  you  are  quite  right  to 
give  plenty  of  strength  to  everything.  I  like  in  all  cases 
to  keep  well  on  the  safe  side,  having  seen  so  many 
breakdowns  in  my  time.  One  night,  when  I  was  in  the 
'  Miranda,'  outward  bound,  we  had  a  terrible  gale  in  the 
Bay  of  Biscay.  The  ship  was  deep  in  the  water,  and  the 
sea  swept  our  decks  in  awful  style;  indeed  we  never 
expected  to  reach  land  again. 

"  All  hands  were  on  watch  that  night,  I  can  tell  you, 
sir.  We  had  reduced  our  speed,  and  were  trying  to  make 
some  headway  with  the  storm  dead  against  us,  when,  in 
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the  early  morning,  we  heard  a  crash  in  the  tunnel,  and 
felt  a  shock  throughout  the  vessel.  Mr.  Brown,  my 
'  third,'  had  the  steam  shut  off  in  a  twinkling,  and  just 
at  that  moment  a  tremendous  sea  broke  over  us,  which 
washed  three  of  our  hands  overboard,  carried  away  two 
of  the  boats,  and  came  down  the  engine-room  skylight  in 
tons.  We  all  thought  the  ship  was  going  to  the  bottom 
in  two  thousand  fathom  water,  but  she  weathered  it 
magnificently.  It  turned  out  that  the  screw  shaft  bad 
given  way  at  the  aftermost  coupling,  and  the  overhanging 
part  had  swayed  about  so  much  as  to  tear  open  one 
side  of  the  tunnel,  and  very  nearly  cut  a  hole  through 
the  bottom  of  the  ship.  All  the  plummer  blocks  were 
more  or  less  damaged  and  wrenched  from  their  seats, 
indeed  everything  had  gone  wrong  with  a  jerk. 

*' Never  in  my  life  have  I  seen  such  a  diwle  of  a 
smash  in  the  inside  of  a  tunnel,  and  never  in  the  whole 
course  of  my  existence  have  I  had  such  a  rampagious 
night,  both  above  and  below.  We  screwjacked  the  shaft 
into  line,  fished,  and  timber-strutted  ever3rthing  the  best 
way  we  could,  and  then  headed  at  slow  speed  for 
Bordeaux,  where  we  had  a  few  temporary  repairs,  and 
after  that  we  came  home  again  at  half  speed,  attended  by 
a  tug  in  case  of  accident. 

''Between  one  thing  and  another,  that  business  cost 
our  Company  a  fine  round  sum  of  money,  which  would 
have  been  immensely  reduced  if  we  had  had  Thomson's 
patent  coupling  for  broken  shafts  on  board,  as  we  could 
soon  have  put  everything  right,  and  gone  ahead  full  speed 
as  before." 

Mr.  Ellington  has  been  smiling  his  approval  from 
time  to  time,  and  now  the  two  worthies  have  a  hearty 
laugh  over  the  incident,  the  draughtsman  because  he  con* 
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siders  it  an  amusingly  instructive  narrative,  and  the  late 
chief  of  the  ''  Miranda  "  because  he  is  now  looking  on  the 
perils  of  that  eventful  night  through  the  haze  of  modern 
antiquity,  but  feels,  nevertheless,  that  in  all  his  sea-going 
career  he  had  never  been  in  a  ship  which  ran  so  close  to 
the  gates  of  death,  simply  because  the  screw  shaft  broke 
at  a  critical  time. 

The  friction  of  two  minds  thus  engaged  in  different 
spheres  of  usefulness  has  proved  beneficial  to  both.  The 
superintending  engineer  goes  away  delighted,  and  the 
principal  draughtsman,  feeling  refreshed  and  invigorated, 
proceeds  with  the  examination  of  the  tracings  before  him, 
resolved  more  than  ever  to  strengthen  everything  that 
may  possibly  be  just  a  liiilt  too  weak  when  exposed  to 
great  and  irregular  strains  in  heavy  seas. 

At  another  time,  Mr.  Burton,  the  foreman  of  the 
erecting  shop,  receives  a  visit  from  Mr.  Macdonald,  and 
both  are  as  merry  as  larks,  while  the  former  relates  a 
strange  experience  of  his  during  a  long  apprenticeship  in 
Maudslay's,  and  the  latter  fires  o£f  some  amusing  recol- 
lections of  Napier's,  of  which  place  he  has  many  happy 
remembrances.  While  thus  engaged,  however,  he  is 
casually  surveying  all  the  large  and  small  gear  belonging 
to  his  engines,  by  which  he  is  surrounded,  and  trying 
to  discover  where  any  improvement  might  be  intro- 
duced. 

••  By-the-bye,   Mr.   Burton" — he  parenthetically  ob- 
•  serves  —  "don't  you  think  these   high  pressure  cylinder 
covers  have  rather  too  few  bolt-holes  in  them  ?    Napier 
would  have  given  them  more." 

"  Mr.  Maudslay  would  not  have  put  in  so  many.  I 
think  they  will  do  first  rate,"  replies  the  foreman. 

"  Very  well,  keep  them  as  they  are ;  I  fancy  they  are 
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not  far  out,  after  all.  Ever  since  my  last  voyage  in  the 
*  Cymbeline  *  I  have  been  nervous  about  these  things.*' 

<<  Indeed !     How  did  that  come  about  ?  '* 

''Well,  you  see,  we  had  had  a  splendid  run  home, 
until  we  reached  the  chops  of  the  Channel,  fully  expect- 
ing to  enjoy  New  Year's  day  on  shore.  I  was  busy  in  my 
room  making  entries  in  the  log-book.  The  engines  were 
running  at  sixty-iive  revolutions  a  minute,  with  a  strong 
breeze  on  the  quarter,  and  every  sail  set,  when  all  at 
once  there  was  a  tremendous  smash  in  the  engine  room, 
close  to  my  lug,  and  the  whole  place  filled  with  scalding 
steam.  Good  gracious !  thought  I  to  myself,  what's  gone 
wrong  now  ?  and  on  groping  my  way  to  the  starting 
platform,  I  found  that  Mr.  Cameron,  my  'second,'  had 
shut  the  stop  valve  before  you  could  say  '  Jack  Robinson,* 
and  all  danger  was  over. 

'*  It  turned  out  that  the  high  pressure  piston  was 
broken,  and  the  cylinder  cover  smashed  to  pieces.  After 
disconnecting,  however,  we  worked  the  other  engine,  and, 
with  the  help  of  our  sails,  managed  to  get  into  Liverpool 
all  right  the  day  after,  instead  of  the  day  before,  the  New 
Yean  I  can  tell  you,  sir,  that  ever  since  thai  breakdown 
I  have  been  very  careful  about  the  strength  of  such  gear. 
Good  morning  I " 

It  is  only  right  to  add,  that  Mr.  Cameron  is  now  the 
appointed  **  chief"  of  the  "  Rosalind.*' 

As  we  said  before,  Mr.  Macdonald  is  somewhat  vacil- 
lating in  his  opinions,  but  he  is,  nevertheless,  a  man  of 
great  experience,  and  quite  capable  of  giving  valuable 
hints  to  those  who  know  perhaps  but  little  of  engineering 
life  at  sea.  When  he  imparts  information,  he  does  it  in  a 
way  that  will  prevent  people  from  ever  forgetting  it.  Un- 
consciously he  runs  upon  the  lines  of  Sir  David  Brewster, 
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who  said  that  *'  Philosophy  in  sport  is  science  in  earnest.'* 
He  follows  the  lead  of  another  writer,  who  '*  gossipped 
pleasantly  while  instructing  solidly/'  and  thus  it  came  to 
pass  that  much  good  was  done  all  round  wherever  he 
went,  by  means  of  his  own  chatty,  simple,  and  humour- 
ously instructive  style  of  language.  It  is  therefore  much 
to  be  r^retted  that  some  of  our  learned  but  pedantic 
lecturers  and  authors  do  not  similarly  modify  their  high- 
toned  oratory,  and  say  what  they  mean  simply  and 
brightly.  If  they  did  so,  it  would  keep  the  minds  of  their 
audiences  from  becoming  torpid — their  nervous  faculties 
from  getting  benumbed — and  would  at  least  enable  them 
to  leave  a  lecture  hall,  or  put  down  a  book,  with  the 
feeling  that  they  had  derived  some  benefit. 

As  non-professional  readers  may  exclaim,  "  These 
accidents  on  the  ocean  seem  tp  educate  sea-going  engi- 
neers in  very  good  and  sharp  practice,  which  is  no 
doubt  most  useful  to  them  in  cases  of  emergency,"  let 
me  inform  them  how  the  necessary  knowledge  is  obtained. 
Long  before  the  occurrence  of  the  disasters  we  have 
mentioned,  the  second  and  third  engineers  of  the  ships 
just  referred  to  had  passed  Board  of  Trade  examinations 
in  practical  engineering  at  sea,  which  involved  satisfac- 
tory answers  to  a  great  many  questions  relative  to  the 
construction,  uses  of  various  parts,  and  general  manage- 
ment and  repairs  of  engines  and  boilers.  Among  the 
numerous  questions  asked,  were,  for  example — 

**  What  would  you  do  if  your  screw  shaft  broke,  or 
how  could  you  possibly  repair  it  when  damaged  ? " — 
"  What  course  would  you  pursue  if  the  piston  gave  way, 
and  how  could  the  remaining  engine  be  worked  when 
thus  disabled  7  '* — *'  If  a  boiler-tube  burst,  how  would  you 
remedy  the  evil  ?  '* — so  on  and  so  forth.    What  kcd  to  be 
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done  in  these  cases,  and  also  a  multitude  of  others, 
was  fixed  in  their  minds,  and  thus  they  became  qualified 
to  hold  the  above  mentioned  appointments. 

The  necessity  of  this  is  clearly  obvious,  since  there  is 
no  time  to  think  about  what  is  the  best  thing  to  do  when 
a  breakdown  occurs,  and  in  many  cases  little  enough  to 
perform  at  once  what  is  absolutely  necessary  for  the  safety 
of  the  vessel.  All  the  engineers  of  the  fleet  know  their 
duties  exactly,  and  hence  the  passengers  and  the  Com- 
pany have  complete  confidence  in  those  who,  in  the 
steam  department,  have  charge  of  their  lives  and  pro- 
perty. The  same  may  also  be  said  of  the  captains  and 
navigating  officers,  whose  technical  knowledge  has  often 
proved  invaluable  at  a  critical  time,  and  perhaps  not 
more  so,  nor  more  frequently,  than  on  board  the  ships 
of  the  Atlantic  and  other  well-known  Companies. 

The  erecting  shop  at  this  period  is  in  a  state  of  great 
activity,  and  would  be  quite  a  study  for  those  who  take 
an  interest  in  such  matters.  Standing  at  one  end,  you 
will  have  in  front  of  you  a  set  of  small  twin-screw 
engines  for  the  steam  launch  of  one  of  the  ironclads 
now  building.  Close  beside  them  are  the  very  handsome 
oscillating  paddle  engines,  of  6,000  indicated  horse  power, 
for  the  ••  Duke  of  Connaught."  Then  you  have  the  great 
engines  of  the  British  ironclad,  in  a  forward  condition, 
and,  in  their  immediate  vicinity,  the  costly  machinery 
for  another  ship  of  war ;  while  lying  about  on  the  floor 
promiscuously  are  brass  and  iron  castings  of  all  sorts 
and  sizes,  including  condensers,  air-pumps,  slide  valves, 
wrought  iron  work  of  every  description,  copper  pipes,  etc., 
etc.,  and  which  are  being  operated  upon  in  various  ways. 

You  will  also  observe,  among  much  that  may  interest 
you,  the  great  lathe,  in  which  the  <*  Rosalind's"  propeller 
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is  being  bored.  The  end  of  the  screw-shaft  will  next 
be  fitted  to  it,  then  <*  key  seated,"  and  ultimately  screwed 
up  tight  by  means  of  a  large  nut  at  its  extremity.  As 
nearly  the  whole  power  of  the  engines  will  be  trans- 
mitted to  this  pointy  it  iis  very  necessary,  in  this  manner, 
to  prevent  the  possibility  of  a  disaster  at  sea. 

One  of  Sharp,  Stewart  &  Co.'s  slot  drilling  machines 
is  making  cotter  holes  in  air-pump  rods,  and  this  will  be 
done  to  perfection.  The  same  operation,  even  in  the 
heaviest  butt  and  strap  connecting  rods,  was  at  one  time 
performed  by  hand ;  that  is  to  say,  four  holes  were  first 
drilled  right  through;  the  rest  of  the  metal  was  then 
chipped  away  in  the  ^sual  manner,  and  the  aperture  filed 
ir  perfectly  true  for  the  reception  of  the  gibs  and  cotters, 
which  were  accurately  fitted  to  it. 

A  large  radial  drilling-machine  is  boring  bolt-holes  in 
a  massive  casting.  Buckton*s  colossal  slotter  and  planer 
is  fully  odtupied  with  the  slide  valve  face  of  the  «  Andro- 
meda's "  low-pressure  cylinder,  and  the  rest  of  the  mach- 
inery is  similarly  engaged  upon  various  other  details.  A 
great  many  fitters,  erectors,  and  apprentices,  are  busy 
chipping  this,  filing  that,  and  scraping  the  steam-tight 
faces  of  pistons  and  slide-valves  to  a  true  surface,  while 
the  labourers  are  lifting  light  and  heavy  gear  with  the 
overhead  travelling  cranes.  An  air  of  prosperity  seems 
to  pervade  the  whole  place,  and  upon  inquiry  we  are  told 
the  firm  has  orders  in  hand  for  the  next  two  years,  and 
)hat  most  of  the  hands  are  working  until  eight  and  ten 
o'clock  every  night. 

The  plate  opposite  shews  very  clearly  the  new  erecting 
shop  and  part  of  the  heavy  turnery,  at  the  works  of 
Messrs.  Wigham  Richardson  &  Co.,  of  Newcastle,  and 
may  be  considered  a  very  good  illustration  of  the  general 
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arrangement  of  this  department  of  a  marine  engineering 
establishment.  Two  sets  of  triple  expansion  engines  are 
being  constructed  in  a  deep  recess  in  the  floor  of  the 
building,  to  enable  them  to  clear  the  overhead  travelling 
cranes,  and  a  few  of  the  details  belonging  to  them  are 
lying  scattered  about  for  convenience.  Amongst  the 
most  conspicuous  objects  are  the  crank  shafts  for  the 
aforesaid  **  Triples,"  whose  built-up  construction  is  very 
clearly  seen,  and  also  a  piston  partly  finished.  The 
large  boring  machine  in  the  foreground,  forms  in  itself  a 
handsome  illustration  of  the  various  kinds  of  gearing  so 
much  used  in  constructive  work. 

"  Where  are  the  *  Rosalind's '  engines  ?  ** 

If  you  come  with  me,  I  will  shew  you  them.  Let  us 
go  to  the  other  end,  beside  the  great  lathe. 

After  descending  a  flight  of  steps,  we  find  ourselves  in 
front  of  the  engines  we  are  in  search  of.  There  you  see 
the  massive  bed-plate  in  position,  on  one  side  of  which 
are  the  air  and  circulating  pumps  and  condenser,  and, 
on  the  other,  the  columns  which  assist  in  carrying  the 
cylinders.  Between  them,  also  in  its  place,  is  the  steel 
crank  shaft,  and  a  splendid  piece  of  work  it  is.  Overhead 
you  will  observe  the  three  cylinders, — high  pressure, 
intermediate,  and  low  pressure, — all  in  position  and 
bolted  down,  while  the  piston  and  connecting  rods,  and 
other  gear,  are  on  the  ground  ready  for  setting  up.  The 
connecting  rod  is  considered  one  of  the  handsomest  and 
most  costly  details  of  an  engine,  and  its  crank  end  is  now 
formed  in  the  almost  universal  *<  Tee  head  "  style,  which 
was  so  fully  developed  and  perfected  by  Mr.  Penn. 

Although  the  *'  Rosalind's "  machinery  has  a  some- 
what imposing  appearance,  there  is  an  amount  of  work 
to  be  done  in  reference  to  the  fixing  of  minor   details 
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that  would  astonish  an  outsider,  not  only  before  the 
ship  is  ready  for  sea,  but  even  before  the  erection  is 
completed.  Including  the  main  engines,  and  other 
engines  for  various  purposes,  the  boilers  and  their  con- 
nections, shafting,  and  all  other  gear,  large  and  small, 
throughout  the  vessel  when  finished,  a  recent  writer  has 
calculated  that  the  number  of  separate  parts  in  the 
machinery  of  a  first-class  Atlantic  liner  amounts  to 
103,722,  counting  all  rivets,  bolts  and  nuts,  pins,  levers, 
rods,  pipes,  etc.  This  may  now  be  considered  too  low, 
but  we  shall  take  the  statement  as  it  stands. 

In  the  erection  of  the  engines  before  us,  and  indeed 
in  all  others,  two  grand  ruling  principles  are  rigorously 
adhered  to  from  beginning  to  end,  viz. : — AU  vertical 
surfaces  must  he  truly  perpendicular^  and  all  horizontal  surfaces 
exactly  level.  The  first  is  obtained  by  means  of  the  plumb- 
line,  and  the  second  through  the  use  of  the  spirit-level. 
If  there  should  be  any  deviation  from  the  above  hard- 
and-fast  rule,  the  error  will  most  assuredly  have  to  be 
rectified,  since  this  is  the  basis  upon  which  not  only 
machinery  in  general  is  constructed,  but  all  architectural 
works  as  well,  from  the  cathedral  to  the  cottage. 

In  this  department,  the  greater  portion  of  the  ponder- 
ous work  of  the  establishment  is  built  up  and  finished, 
consequently  there  is  a  large  quantity  of  heavy  lifting  or 
moving  about  in  some  way  or  other.  It  is  also  towards 
this  point  that  all  the  efforts  of  the  drawing  office,  pattern 
shop,  foundry,  turneries,  etc.,  converge,  and  if  something 
has  been  made  wrong  in  any  of  them,  it  will  be  discovered 
here  if  not  previously  detected.  Jib  or  radial  cranes  were 
used  long  ago  for  erecting  purposes,  but  for  general 
utility  nothing  can  equal  the  overhead  travellers,  which 
have  superseded  them.     Although  the  lifting  is  performed 
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by  labourers,  great  care  should  be  exercised  by  experi- 
enced hands  in  slinging  the  heavy  weights,  and  the  slings 
themselves  must  be  well  made.  These  consist  of  various 
lengths  of  chain  or  rope  spliced  at  the  ends,  thus  forming 
convenient  attachments  for  the  crane  hooks. 

Unimportant  as  this  art  may  appear,  a  good  know- 
ledge of  it  helps  in  various  ways  to  facilitate  the  execution 
of  all  engineering  contracts,  indeed,  some  undertakings 
have  been  unnecessarily  delayed  through  the  want  of 
special  information.  There  is  a  very  simple,  but  never- 
theless valuable  double-loop,  which  is  much  used  when 
lifting  cylindrical  objects  vertically,  and  there  is  also  a 
special  kind  of  knot  particularly  adapted  for  sustaining 
very  heavy  strains  without  jamming.  Both  of  them 
are  admirable  contrivances,  but  can  only  be  explained 
experimentally;  the  latter,  however,  may  be  constantly 
seen  at  the  end  of  hawsers  connecting  ships  to  the  quays 
of  docks  or  harbours. 

Heavy  machinery  is  frequently  erected  upon  massive 
timber  supports,  but  a  much  better  plan  is  to  have  strpng 
cast-iron  plates  planed  oi>  the  top  surface,  well  bedded  in 
the  floor,  and  set  perfectly  level  throughout.  In  the 
Central  Marine  Works  at  Hartlepool,  a  somewhat  similar 
system  is  adopted,  but  with  the  addition  of  strong 
movable  cross  girders  resting  on  the  bed  plates  under- 
neath them,  thus  forming  in  each  case  a  very  good  and 
easily  adjustable  foundation.  Although  the  latter  is  an 
expensive  arrangement,  it  has  proved  economical  as  well 
as  useful.  In  many  first-class  establishments  on  the  Clyde 
and  Tyne,  the  old-fashioned  timber  system  still  prevails, 
notwithstanding  the  revolutions  that  have  occurred  in 
marine  engineering  during  the  last  twenty  years,  but, 
antiquated  and  imperfect  as  it  now  appears,  it  is  never- 
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theless  simple,  easily  adaptable  to  different  sizes  of 
engines,  and  sufficiently  well  tried  to  enable  it  to  hold  its 
ground  in  spite  of  all  improvements. 

Do  you  see  those  men  bringing  in  something  of  a  dull 
red  heat?  That  is  one  of  the  **  Duke  of  Connaught's** 
cranks,  which  is  going  to  be  "  shrunk  on "  her  inter- 
mediate shaft,  lying  beside  you.  The  "  eye "  of  the 
crank  has  been  bored  just  a  little  less  in  diameter  than 
the  part  it  has  to  fit,  but  the  heating  has  expanded  it  so 
much  that  it  will  now  easily  slide  on  to  its  place.  When 
that  is  done,  water  is  poured  over  it,  and  the  contraction 
in  cooling  causes  the  crank  to  embrace  the  end  of  the 
shaft  so  firmly  that,  when  <'  keyed  up,"  it  will  be  practi- 
cally solid,  and  fully  able  to  withstand  all  the  severe  and 
irregular,  strains  that  will  be  brought  upon  it  at  sea.  For 
marine  work  the  above  process  is  very  popular,  but  for 
fixing  railway  wheels  in  a  cold  state  on  their  axles, 
powerful  hydraulic  pressure  is  invariably  used. 

The  above  mentioned  detail  is  so  important,  that  a 
few  further  remarks  in  reference  to  it  may  be  interesting. 
As  we  have  before  observed,  the  "  Rosalindas  '*  crank 
shafts  were  made  upon  Sir  Joseph  Whitworth's  improved 
principle.  Other  similar  work,  however,  is  generally 
accomplished  in  the  various  forges,  where  all  the  heavy 
parts  of  ships  and  engines  are  executed  in  accordance 
with  tracings  sent  to  them  by  different  people. 

Formerly,  engineers  received  their  crank  shafts  in  a 
rough  state,  and  did  all  the  machine  work  themselves, 
but  it  was  discovered  that  fiaws  very  often  did  not  shew 
themselves  until  a  great  amount  of  such  labour  had  been 
expended,  and  hence  the  forging  of  many  tons  weight 
had  to  be  returned.  This  system  became  so  inconvenient 
and  troublesome  that  the  forge  people  were  allowed  to 


224  ENGINEERING,  POPULARL  Y  chap.  xiii. 

complete  the  work  in  every  respect,  so  that  any  fault 
which  existed  could  be  found  out  on  the  premises  at  an 
early  stage.  Visitors  to  these  establishments  will  see 
much  to  interest  them  in  the  manufacture  of  iron  and 
steel,  and  also  in  the  ponderous  machinery  employed  in 
the  various  processes,  a  small  portion  of  which  can  be 
seen  in  the  plate  of  the  Mersey  Forge. 

Notwithstanding  the  extreme  care  adopted  in  all  these 
instances,  shafts  frequently  give  way  at  sea  most  unex- 
pectedly, and  when  we  consider  the  amount  of  loss  thus 
entailed,  it  is  evident  that  no  expense  should  be  spared 
in  order  to  obtain  the  most  trustworthy  material,  and  also 
the  best  contrivances  for  promptly  rectifying  such  evils 
when  they  do  occur,  and  especially  so  when  terrible 
calamities  sometimes  arise  on  land  and  sea  from  similar 
failures. 

In  proof  of  this  we  need  only  refer  to  the  dreadful 
railway  accidents  at  Penistone  in  1884  ^^^  1889;  the  loss 
of  the  S.S.  "  American  **  in  mid  Atlantic  some  years  ago ; 
and  many  others  of  kindred  nature  but  minor  importance. 

It  is  generally  supposed  that  the  main  cause  of  so 
many  shaft  fractures  is  the  disintegration  of  their  particles 
owing  to  the  vibration  caused  by  quick  running  engines. 
There  is  another  cause,  however,  which  we  had  an  oppor- 
tunity of  noting  only  recently  in  connection  with  a  very 
well  known  ocean  mail  steamer  that  had  only  been  eight 
years  on  her  station. 

The  diameter  of  her  **  tail"  or  stern  tube  shaft  was  24", 
and,  in  addition  to  the  usual  brass  liners  at  each  end 
bearing,  it  had  an  intermediate  liner  which  butted  against 
both  of  the  others,  but  without  being  watertight.  This 
had  caused  galvanic  action  which  had  cut  the  shaft,  as  if 
by  a  saw,  to  a  depth  of  fully  2J"  all  round,  and  reduced 
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its  strength  in  the  ratio  of  24*  to  19*  or  as  13824  to  6859. 
Owing  to  the  sharpness  of  the  corners  of  the  groove  at 
the  bottom,  it  was  also  in  the  best  condition  for  snapping 
like  cast  iron  when  exposed  to  sudden  shocks.  In  the 
navy  these  shafts  are  cased  with  brass  all  over  to  protect 
them  from  rust,  but  every  joint  is  made  thoroughly  water- 
tight to  avoid  the  galvanic  action  above  described. 

From  this  it  will  be  seen  that  the  protective  casing 
may  easily  become  a  source  of  grave  danger,  and  espe- 
cially on  accoimt  of  the  great  difficulty  of  discovering  the 
evil.  A  much  simpler  plan  is  to  coat  the  shaft  with  a 
composition  which  will  adhere  so  firmly  to  the  metal  as 
to  prevent  corrosion,  and  this  has  already  been  done  very 
satisfactorily  in  the  merchant  service,  where  the  casing 
referred  to  is  almost  unknown. 
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CHAPTER    XIV. 

BOILER    YARD,    AND    BOILERS    IN    CONSTRUCTION. 

Difficulties  in  Boiler  Design  and  Construction — Structural,  Mechanical, 
and  Chemical  Difficulties — Peculiarities  of  Steel  Boilers — Board  of 
Trade  Supervision — Increase  of  Steam  Pressure,  1850  to  1889 — 
Racing  with  unlimited  Pressure — Awful  Disaster^—"  Rosalind's '* 
and  other  boilers  in  progress— Hydraulic  Testing — Fatal  Explosion 
in  a  Locomotive  Work-^Boiler  Coverings  and  economy  of  Heat — 
Fairbaim*s  Experiments  and  Improvements — ^Materials  and  mode  of 
Manufacture. 

And  now,  may  I  ask  you  to  come  with  me  and  survey  the 
contents  of  the  boiler  shop?  Yonder  lie  two  of  the 
'*  Rosalind's "  boilers  in  a  far  advanced  stage,  and  also 
two  more  not  so  far  on.  Externally,  they  are  of  steel 
plates,  double  and  treble  rivetted,  and  in  every  other  way 
immensely  strong,  on  account  of  the  high  pressure  of 
steam  they  have  to  bear.  "  Plebeian-looking  things, 
compared  with  the  engines,*'  are  they?  "Not  much  in 
them,"  do  you  say  ? 

Not  at  present,  certainly,  but  they  will  be  fM  enough 
in  course  of  time.  Perhaps  you  think  anyone  might 
design  these  apparently  simple  articles?  Would  you 
therefore  be  surprised  to  hear  that  there  is,  perhaps, 
nothing  in  the  whole  range  of  engineering  practice  that 
has  more  fully  exercised  the  talents,  energy,  skill,  fortune, 
and  patience  of  practical  and  scientific  men,  for  the  last 
fifty  years,  than  the  boilers  which  supply  our  land  and 
marine  engines  with  steam  ? 

Their  value  may,  however,  be  best  understood  when 
we  consider  the  important  part  they  have  to  play,  and 
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the  difficulties  that  beset  the  successful  performance  of 
their  duties.  What  your  lungs  are  to  you,  the  boilers  are 
to  the  engines,  because  they  provide  the  very  life  of  the 
whole  system  of  the  machinery,  and  without  their  aid  the 
most  costly  and  best  arranged  engines  would  be  utterly 
useless.  The  difficulties  which  surround  the  design, 
construction,  and  management  of  boilers  on  land  and  sea 
are  very  numerous,  and  sufficiently  powerful  to  have 
retarded  for  very  many  years  their  efficient  application  in 
manufactures  and  in  steam  navigation.  These  obstacles 
comprise  three  great  classes, — structural,  mechanical,  and 
chemical,  —  all  of  which  have  formed  the  bases  of 
patented  inventions  involving  an  expenditure  of  hundreds 
of  thousands  of  pounds,  in  costs  alone,  down  to  the 
present  time. 

The  first-named  class  refers  to  the  internal  arrange- 
ments, whose  objects  are  to  create  rapid  circulation  of 
the  water  in  the  boiler  when  heated,  so  as  to  produce  a 
somewhat  uniform  temperature  throughout,  if  possible, 
and  to  prevent  the  sediment  contained  in  the  water  £tx>m 
settling  down  on  the  flues  and  tubes,  thereby  reducing 
their  heat-conducting  powers,  efficiency,  and  economy  in 
maintenance,  and  retarding  the  rapid  generation  of 
steam. 

The  second  class  is  most  extensive,  and  embraces 
everything  in  reference  to  economy  in  manufacture,  and 
ultimate  safety  and  durability.  In  connection  with  steel 
plates  and  iron  plates ;  single,  double,  and  treble  rivetting, 
ordinary  draught  and  forced  draught;  staying,  fittings 
and  mounting,  of  various  descriptions,  indeed  everything 
which  comes  within  the  province  of  the  engineer  and 
boilermaker,  we  have  such  an  abundant  supply  of  valu- 
able scientific,  practical  and  experimental  information  in 
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our  professional  literature,  as  would  satisfy  all,  one  would 
think ;  but  it  doesn't.  The  wonder  is  that  so  much  has 
been  said  and  written  by  clever  people  to  prove  or 
disprove  theories  which  looked  so  simple,  not  only  in 
this,  but  in  every  other  science.  One  of  the  puzzling 
questions  of  the  day  has  been  the  consideration  of  steel 
as  a  suitable  material,  which  has  now  to  be  used  instead 
of  iron  for  the  shell  plates  of  large  cylindrical  boilers, 
as  previously  mentioned. 

So  long  as  pressures  were  about  70  to  80  pounds  per 
square  inch,  iron  did  very  well,  but  when  they  ran  up 
to  from  130  to  160  pounds,  it  was  necessary  to  make  the 
iron  plates  so  thick  that  it  became  difficult  to  rivet  them 
satisfactorily,  hence  the  adoption  of  steel  on  account  of 
its  superior  tensile  strength  allowing  thinner  shells  to  be 
used. 

This  was  a  very  good  arrangement,  but,  like  every- 
thing else,  it  had  defects,  sometimes  of  a  serious  character. 
If  the  quality  of  the  steel  could  be  thoroughly  relied  on, 
nothing  could  have  been  better,  but,  unfortunately,  this 
was  not  always  so,  as  plates  made  by  the  most  eminent 
firms,  and  in  the  most  careful  manner,  and  passing 
successfully  the  most  rigid  tests  imposed  upon  them, 
occasionally  proved  failures  during  the  process  of  manu- 
facture into  boilers.  The  cause  of  these  failures  has, 
however,  been  scientifically  investigated,  and  the  steel 
Companies  are  now  enabled  to  produce,  and  the  engineers 
to  manipulate,  a  material  which  is  in  every  respect 
trustworthy. 

The  Board  of  Trade  is  much  interested  in  everj^hing 
we  do,  and  not  only  provides  sea-going  engineers  with 
full  instructions  regarding  the  management  of  boilers, 
but  furnishes  us  with  an  elaborate  and  extensive  set  of 
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rules,  regulations,  and  formulae,  for  our  guidance  in 
proportioning  their  various  parts,  and  further,  will  not 
"pass"  any  boilers  which  are  not  made  in  accordance 
with  those  rules,  which  give  the  lowest  limit  of  strength 
in  all  cases.  Such,  however,  is  the  leniency  of  the  court 
that  engineers  have  full  permission  to  make  them  con- 
siderably stronger  if  they  please,  but  subject  to  its  official 
examination  as  they  proceed. 

The  reason  of  this  is  no  doubt  apparent  to  everyone, 
and  especially  to  those  who  expect  to  be  carried  safely  to 
their  destinations  when  travelling.  Were  it  otherwise, 
we  should  have  a  lively  time  of  it  on  land  and  sea, 
amongst  all  the  dangers  arising  out  of  improper  con- 
struction and  bad  management,  some  of  which  will  be 
described  in  another  chapter. 

The  chemical  obstacles  to  the  proper  working  of 
boilers  consist  of  injurious  substances,  either  existing  in 
the  water  they  contain,  or  getting  into  it  from  the  con- 
denser, through  the  feed  pipes,  and  thus  causing  irregular 
and  serious  corrosion  of  the  plates  in  course  of  time. 
The  remedy  for  which  is  found  more  or  less  in  the  appli- 
cation of  various  anti-corrosives,  such  as  zinc  plates 
suspended  at  intervals  inside  the  boilers,  and  also  various 
fluids  mixed  with  the  water  they  contain. 

We  do  not  quite  see  at  present  what  will  be  the  future 
limit  of  our  steam  pressures.  From  1850  to  i860,  twenty- 
five  pounds  per  square  inch  was  quite  the  order  of  the 
day,  and  engineers  jogged  along  very  comfortably  with 
this  pressure.  Great  improvements,  however,  have  taken 
place  since  those  days.  In  1861,  Tod  &  McGregor 
received  an  order  from  the  Inman  Company  to  build  the 
**  pity  of  New  York,"  with  boilers  to  have  a  working 
pressure  of  30  pounds  per  square  inch. 
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This  was  so  unusual  for  such  large  ships,  that  Mr. 
William  Tod  took  especial  care  that  everything  should 
have  very  ample  strength.  He  told  us  that  the  cylinder 
covers  of  H.M.S.  "  Himalaya,"  by  Penn,  "  surged  like  a 
pair  of  bellows,  and  that  he  would  not  have  such  things 
in  his  engines;"  and  from  the  working  sketches  now 
beside  me,  and  the  light  of  modem  days  around  me,  I 
have  reason  to  believe  that  undue  importance  was 
attached  to  the  additional  load  of  five  pounds  above 
mentioned.  Such  was  the  state  of  public  feeling  at  this 
period  regarding  high  pressure  steam,  that  if  anyone  had 
whispered  to  the  passengers  of  an  ocean  steamer  those 
awful  words,  "We  have  sixty  pounds  pressure  in  the 
boilers,  sir  I " — or  •*  ma'am ! " — no  doubt  the  greater  part 
of  them  would  have  jumped  overboard,  or  taken  to  the 
boats. 

All  this  time,  an  extremely  high  pressure  was  quite 
common  in  American  river  steamers,  even  of  the  largest 
class,  and  150  pounds  per  square  inch  seems  to  have  been 
considered  of  little  consequence  on  those  vessels,  judging 
from  the  treatment  their  boilers  were  frequently  subjected 
to  in  ordinary  running.  Racing  used  to  be  a  favourite 
amusement  on  the  Mississippi ;  for  instance,  two  steamers* 
say  the  "Baton  Rouge"  and  the  "President,"  sighted 
each  other  on  the  way  to  New  Orleans, — the  former 
leading. 

The  "  President's "  people  would  not  allow  this,  and 
if  the  captain,  or  that  still  more  autocratic  individual, 
the  pilot,  did  not  take  sufficient  interest  in  the  proposed 
race,  the  passengers  would  spur  them  on  to  do  so.  The 
engineers  received  their  orders  in  consequence ;  the  ship 
began  to  increase  her  speed  by  degrees,  and  in  a  short 
time  they  were  close  to  the  other  boat,  which  was  also 
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driving    ahead    in    magnificent   style.     The  passengers 
became  very  excited,  and  did  everything  they  could  to 
outstrip  the  "Baton   Rouge,"  until  at  last  the  fuel  was 
exhausted,  but  that  was  of  no  consequence  when   they 
had  the  cargo  to  fall  back  upon.    Boxes  of  bacon  were 
opened,  the  wood  thrown  into  the  furnaces,  and  the  fat 
pork  after  it.    The  steam  pressure  went  up  with  a  bound, 
and  the  panting,  quivering  ship  forged  gradually  ahead 
of  her  rival.    The  passengers  and  crew  cheered  in  the 
wildest  enthusiasm,  until  something  happened,  and  all  at 
once  a  '*  most  awful  disaster  " — ^as  the  Ptcayune  would  call 
it  next  morning — occurred,  which  shook  the  country  for 
miles  around.     ..... 

After  a  few  survivors,  who  had  clung  to  floating  pieces 
of  the  wreck,  were  taken  on  board  the  other  steamer, 
there  was  hardly  anything  left  to  indicate  the  grave 
of  what  had  once  been  a  swift  and  magnificent  floating 
palace. 

What  the  bursting  pressure  of  the  steam  had  been  we 
are  unable  to  say, — probably  it  was  400,  500,  or  any 
other  number  of  pounds  per  square  inch, — as  the  safety 
valve  levers  were  tied  down,  and,  if  that  could  not  be 
done  conveniently,  some  one  would  be  glad  enough  to  sit 
or  stand  on  them  to  the  last.  These  events  were  rather 
frequent  in  the  early  days  of  steam  navigation ;  now  they 
are  not  so,  for  obvious  reasons. 

If  you  look  to  the  left  of  the  *<  Rosalind's"  boilers, 
you  will  see  part  of  a  set  for  H.M.S.  <<  Vitellius."  The 
mountings,  that  is  to  say,  the  steam  stop  valves,  safety 
valves,  main  feed  and  donkey  feed  valves,  blow-ofi*  and 
surface  blow-ofi*  cocks,  and  other  accessories  are  nearly 
all  on,  and  will  soon  be  tested  by  hydraulic  pumps  to 
double  their   intended  working  pressure  of  150  pounds 
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per  square  inch,  so  that  any  leaky  places  may  be  recti- 
fied, and  the  strength  of  the  boilers  practically  ascer- 
tained. This  hydraulic  test  is  invariably  adopted  on 
account  of  its  safety,  since,  if  it  were  continued  until 
the  boiler  burst,  no  evil  results  would  happen  to  those 
around,  and  this  is  owing  to  the  fact  that  water,  when 
subjected  to  great  pressure,  is  almost  incompressible,  and 
when  the  load  is  removed  suddenly  by  fracture  of  any 
part,  or  otherwise,  its  expansion  is  practically  nothing, 
hence  its  safety  when  applied  in  the  manner  indicated. 
Any  failure  caused  by  steam  pressure,  on  the  other  hand, 
would  be  productive  of  very  serious  consequences. 

As  an  example  of  this,  it  may  be  mentioned  that  in 
1858,  Sharp,  Stewart  &  Co.,  of  Manchester,  were  com- 
pleting an  order  for  forty  locomotives  for  the  Russian 
railways.  They  were  large  and  powerful  engines,  and 
had,  with  the  exception  of  the  last,  been  started  satis- 
factorily under  steam,  but,  strange  to  say,  when  the  test 
was  applied  to  this  one,  the  boiler  burst  and  killed  nine 
of  the  men  who  were  around  it,  including  Mr.  Fors)rth, 
the  manager.  A  rigorous  inquiry  was  made  concerning 
all  the  circumstances  of  the  case,  which  resulted  in  the 
discovery  that  inequality  of  strength  in  the  fractured 
plate  was  the  cause  of  the  disaster. 

All  these  boilers,  when  in  the  ships  and  completed, 
will  be  carefully  covered  with  nonconducting  substances, 
and  finished  on  the  outside  with  strips  of  wood  neatly 
jointed  together,  and  secured  to  the  plating.  The  steam 
cylinders  will  be  similarly  treated,  so  will  also  the  steam 
pipes,  but  the  latter  will  be  covered  with  canvas  painted 
white,  instead  of  wood,  for  convenience.  The  object  of 
this  is,  not  only  to  prevent  a  great  waste  of  heat,  and 
indirectly  of  coal,   but   to  protect  the  men  who  work 
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the  eDgines  and  boilers  from  an  unbearable  tempera- 
ture similar  to  that  which  proved  so  detrimental  to  the 
engineers  and  firemen  of  the  **  Enterprise,"  previously 
mentioned,  on  her  voyage  from  London  to  Calcutta. 

The  boiler-room  will  also  be  provided  with  ventilating 
pipes,  about  two  feet  six  inches  diameter,  having  large 
bell-mouthed,  movable  cowls  on  deck,  to  catch  the  wind 
and  direct  a  current  of  cold  air  to  the  regions  below.  In 
modem  ironclads,  however,  this  is  frequently  accom- 
plished artificially,  by  means  of  a  fan-blast  driven  by 
independent  engines. 

Besides  all  this,  the  heat  which  constantly  radiates 
from  the  necessarily  unprotected  boiler  fronts  and  other 
parts,  is  guided  in  its  ascent  to  the  casing  around  the 
funnel  on  deck  by  means  of  sheet  iron  ''  curtains,*'  which 
are  fixed  outside  the  **  uptakes  "  conveying  the  smoke  and 
heated  gases  to  the  chimney.  As  everything  on  board  a 
ship  is  utilised  to  the  utmost,  the  warm  air  that  eventually 
reaches  the  upper  deck  is  taken  advantage  of  in  the 
''drying-room,*'  where  wet  clothes,  and  boots  or  shoes 
may  be  left  till  called  for. 

From  what  has  been  said  on  this  subject,  it  will  be 
seen  that  economy  of  heat,  and  therefore  of  fuel,  is  of  the 
highest  importance  in  steamships,  especially  those  on 
long  voyage  stations,  and  we  have  reason  to  believe  that, 
were  it  not  for  the  great  reduction  in  coal  consumption, 
brought  about  by  the  use  of  compound  engines  in  ocean 
ships,  it  would  be  a  commercial  impossibility  to  run 
Reamers  to  the  West  Coast  of  South  America,  Australia, 
or  iirdeed  on  any  other  long  voyage  station.  The  term 
"  compound  "  is  now  somewhat  misleading,  as  it  is  quite 
as  applicable  to  the  triple  and  quadruple  expansion 
engines  of  the  latest  design,  as  it  was  to  the  double 
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expansion  two  cylinder,  three  cylinder,  and  four  cylinder — 
or  "tandem"  engines— of  the  old  type.  Hence  in  corre- 
spondence, care  should  be  taken  to  state  clearly  what  is 
meant,  otherwise  confusion  may  arise,  as  there  are  many 
of  the  old  engines  still  in  use. 

The  boilers  of  the  ''  Rosalind,"  as  well  as  those  of  the 
other  ships  have  been  very  carefully  designed  throughout, 
and  especial  attention  has  been  paid  to  the  stajdng  of  all 
the  flat  surfaces.  Here,  again,  however.  Sir  William  Fair- 
bairn's  elaborate  investigations  have  proved  invaluable  to 
the  world,  because  he  not  only  determined  experimentally 
the  best  proportions  of  rivetted  joints  and  flat  stayed  sur- 
faces, but  opened  out  at  the  same  time  a  field  of  scientific 
enquiry  relating  to  these  and  kindred  subjects,  which  has 
extended  to  the  present  day.  He  also  invented  the  well 
known  double-furnaced  ''  Lancashire  '*  boiler  for  land 
engines,  which  is  still  a  general  favourite,  despite  of  all 
the  new  types  that  now  exist. 

The  simplest  and  strongest  form  of  boiler  is  the  old- 
fashioned,  externally  fired,  egg-ended,  cylindrical  type, 
that  required  no  stays  of  any  kind,  but  was  ultimately 
found  unsuitable.  Then  came  the  <*  Cornish "  boiler, 
with  flat  ends  and  one  internal  flue.  This,  however,  Mr. 
Fairbaim  greatly  improved  upon  in  the  larger  sizes,  by 
using  two  small  flues  instead  of  one,  which  gave  them 
much  greater  strength  to  resist  the  collapsing  pressure  of 
steam. 

The  sphere,  and  also  the  cylinder  with  dished  ends, 
possess  in  their  simplest  forms  great  powers  of  resistance, 
which  engineers  utilise  in  every  possible  manner.  Were 
it  otherwise,  it  would  be  almost  impracticable  to  make 
the  old  style  of  flat-sided  boilers  strong  enough  to  work 
safely  with  such  high  pressures  as  we  are  now  using.    A 
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steel  boiler  shell  for  example,  12  feet  diameter  and  15  feet 
long  will  carry  safely  150  pounds  steam,  ii  made  of  plates 
\^  in.  thick  and  treble  rivetted,  no  staying  whatever 
being  required,  except  for  the  flat  ends  and  internal 
surfaces  of  similar  form. 

When  the  working  plans  have  been  well  matured,  and 
finally  approved,  the  orders  for  the  required  number  and 
description  of  plates  are  sent  to  one  of  the  Steel  Com- 
panies, while  those  of  iron — if  used  at  all — and  specified 
as  "  Yorkshire,"  *•  Staffordshire,"  or  **  Lowmoor,"  are 
given  to  the  iron  manufacturers.  The  latter  brand  is 
of  a  remarkably  tough  quality,  and  commands  a  very 
high  price,  as  it  is  the  most  suitable  for  internal  parts 
exposed  to  great  heat,  and  also  for  the  flanging  and 
bending  operations  it  is  subjected  to  in  the  boiler  shop. 

When  the  shell  plates  arrive,  they  are  planed  on  their 
edges  at  a  large  special  planing  machine,  and  are  next 
passed  through  a  plate  bending  machine,  which  gives 
them  the  necessary  curvature,  say  five,  six,  seven,  or  any 
other  number  of  feet  and  inches  radius.  After  this  they 
are  put  together  in  place,  and  the  rivet  holes  drilled, 
thus  ensuring  great  exactness.  Punching  the  plates  by 
machinery  used  to  be  the  system  adopted,  but  it  does  not 
make  sufficiently  accurate  work,  and  is  considered  very 
objectionable  on  account  of  the  damage  which  may  be 
done  to  the  fibres  of  the  metal  surrounding  the  holes. 

After  all  the  parts  are  carefully  rivetted,  either  by 
hydraulic  pressure  or  by  hand,  and  finished  off  with  the 
caulking  chisel,  the  mountings  and  fittings  are  put  on, 
the  boiler  finally  tested  to  double  its  working  pressure, 
and,  when  painted,  it  is  ready  for  shipment. 

As  steel  is  now  so  much  used  in  engineering  construc- 
tions, it  may  here  be  mentioned  that,  in  order  to  make 
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the  ordinary  metal  workable  by  machine  or  hand  tools,  it 
should  be  allowed  to  cool  very  slowly  after  forging.  Cast 
steel  is  somewhat  similarly  treated,  but,  curiously  enough, 
turning,  planing,  and  other  tools  may  be  operated  upon 
with  a  second  cut  file,  if  dipped  in  water  after  being 
heated  to  cherry  redness,  when  this  colour  has  dis- 
appeared in  the  dark.  The  reason  why  "cheap*'  knives 
sometimes  have  such  bad  edges  is  the  overheating,  or 
"burning,**  the  blades  have  been  subjected  to,  which 
makes  them  useless.  On  one  occasion,  I  had  a  very  prac- 
tical illustration  of  this,  in  a  handsome  and  generally 
useful  pocket  knife,  that  came  to  me  from  Calcutta.  All 
the  blades  were  rubbish,  and  evidently  the  English 
makers  considered  them  quite  good  enough  for  the  Indian 
market.  Steel  has  many  peculiarities,  but  there  is  per- 
haps nothing  that  can  give  one  a  clearer  idea  of  the  value 
of  good  material  than  the  extraordinary  amount  of  wear 
and  tear  that  screw-taps  and  dies  will  stand  in  ordinary 
use.  Their  tempering  was  at  one  time  a  secret,  and  justi- 
fiably so,  as  it  is  certainly  the  perfection  of  the  art. 

Before  leaving  this  department  of  the  works,  we  may 
only  add  that,  so  important  is  this  apparently  simple  and 
uninteresting  branch  of  engineering  considered  by  those 
who  practise  it,  that  after  all  that  has  been  done,  its 
improvement  is  likely  to  go  on  for  some  time  to  come. 
And,  moreover,  there  are  few  practically  scientific  sub- 
jects which  have  so  fully  occupied  the  attention  of  engi- 
neers, and  been  so  largely  experimented  upon,  as  that 
which  refers  to  the  economical  production  of  steam  as  a 
motive  power  in  machinery. 
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CHAPTER  XV. 

THE  BUILDING  YARD — SHIPS  ANCIENT  AND  MODERN. 

'*  Rosalind  *'  and  other  ships  in  progress — Precautions  for  giving  Safety  at 
Sea— Watertight  Bulkheads — New  and  old  style  of  Bow — Boats  of 
the  Phoenicians — Oiigin  of  Masts  and  Sails -^Galleys  of  Greece  and 
Rome— Modem  Ships—"  Lightning  "— **  Marco  Polo  "— **  Cham- 
pion of  the  Seas/'  and  others  —England  to  Australia  in  1808,  1850, 
and  1889— Fastest  long  voyage  Steamers  afloat — New  Inman 
Liners  of  10,500  tons— Swiftest  River  Steamer,  and  Torpedo 
Boats— American  Steamers — Changes  in  Naval  Ships  and  Engines — 
Ironclads  of  19,500  horse-power. 

Let  us  now  pay  a  visit  to  the  building  yard,  and  see 
what  they  are  doing.  Yonder,  in  a  far  advanced  state, 
lies  the  '*  Duke  of  Connaught."  What  a  handsome  ship  I 
What  beautiful  yacht-like  lines!  What  paddle  boxes! 
Beside  her  you  will  observe  the  Brazilian  ironclad,  and 
other  vessels  we  need  not  refer  to,  so  let  us  take  notes  of 
the  "  Rosalind,"  which  is  just  before  us.     Her  frames  are 

all  up,  deck  beams  in  place,   and  plating  pretty  well 

• 

on.  One  special  feature  is  her  bow,  which  is  of  the 
handsome  figurehead  type,  but  many  other  merchant 
vessels  have  straight  rowing-boat  stems,  which  give  them 
a  very  abrupt  and  unfinished  appearance  forward.  Nearly 
every  steamship  Company,  however,  has  during  recent 
years  adopted  this  form  of  bow  for  the  sake  of  economy. 

Since  1839,  the  attention  of  shipbuilders  and  owners  of 
steamers  has  been  directed  to  the  production  of  vessels 
which  would  not  only  be  fully  adapted  for  the  purposes 
for  which  they  were  intended,  but  possess,  in  the  highest 
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degree,  the  elements  of  safety  under  all  the  conditions  of 
service  to  which  they  would  be  exposed.  One  set  of  con- 
ditions refers  to  the  engines  and  boilers,  which  have 
already  been  described,  and  another  set  refers  to  the 
stability  and  strength  of  the  ship  herself  and  her  floating 
powers  after  collision  with  rocks,  icebergs,  or  with  other 
vessels. 

The  use  of  numerous  transverse  watertight  bulkheads 
has  tended  in  a  very  great  degree  to  protect  ships  in 
times  of  serious  danger,  and  in  many  cases  has  prevented 
them  from  foundering.  In  spite  however,  of  every  pre- 
caution which  the  most  skilful  people  can  devise,  it  is 
surprising  that,  in  our  days  of  advanced  practice,  ships 
should  so  often  sink  in  a  few  minutes  after  having  been 
run  into,  and  the  inference  to  be  drawn  is  that  either  the 
bulkheads  are  unable  to  save  them  when  struck  in  a  vital 
part,  or  that  the  damage  done  by  the  colliding  vessel  is 
so  crushing  in  its  effects  that  all  the  resources  of  modem 
science  are  of  no  avail. 

For  very  apparent  reasons  we  have  no  means  of 
ascertaining  what  was  the  condition  of  naval  architecture 
before  the  Flood,  beyond  the  account  given  in  Genesis 
concerning  the  ark,  which  was  not  only  the  first  built  up 
vessel  we  have  any  record  of,  but  the  most  gigantic  in 
general  dimensions  the  world  had  ever  seen  until  the 
"  Great  Eastern  "  appeared.  This  wonderful  vessel  was 
three  hundred  cubits  in  length,  fifty  in  breadth,  and 
thirty  in  depth,  and  if  we  take  the  cubit  at  twenty-one 
inches,  the  above  dimensions  will  become  525  feet, 
87  feet  6  inches,  and  52  feet  6  inches  respectively. 

After  the  Deluge, — 2,348  b.c, — the  art  of  navigation 
is  justly  considered  to  have  had  a  beginning,  and  the 
earliest  people  so  engaged  that  we  have  any  knowledge  of 
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were  the  Phoenicians,  who  are  stated  to  have  been  the 
first  nation  on  the  shores  of  the  Mediterranean  who  were 
actually  engaged  in  nautical  affairs,  and  practiced  the  art 
of  underwriting  or  marine  insurance,  but  where  they 
learnt  the  science  of  shipbuilding,  or  what  their  vessels 
were  like,  is  almost  unknown.  There  is  a  story,  however, 
connected  with  that  primitive  race  which  may  be  worth 
repeating. 

It  is  said  that  on  one  occasion  a  Phoenician  went  out 
with  his  lady  for  a  row  in  the  rudely  constructed  skiff* 
of  the  peiiod,  which,  in  this  case  we  may  suppose  was 
large  enough  for  two,  but  rather  small  for  three  people. 
Actuated  by  a  sudden  flash  of  thought,  and  a  wish  to  help 
her  lover,  the  lady  sprang  to  the  bow,  and,  while  standing 
in  that  position,  held  up  with  one  hand  the  skirt  of  her 
dress  to  catch  the  breeze.  Thus  was  created  the  idea  of 
sail  power,  and  especially  the  Lateen  sail,  which  to  the 
present  day  is  so  well  known  in  Eastern  seas,  and  also  in 
the  smaller  sized  vessels  of  various  kinds  throughout  the 
world.  The  graceful  figure  of  the  lady  originated  the 
mast,  and  her  arms,  yard-arms,  to  which  were  afterwards 
added  the  studding  sail  booms. 

That  most  ancient  of  European  nations,  the  Greeks, 
who  date  their  history  as  far  back  as  the  eighteenth 
century,  b.c,  paid  great  attention  to  the  art  of  ship- 
building, but  many  centuries  rolled  away  before  their 
vessels  passed  beyond  the  rank  of  row  boats  or  galleys. 

Throughout  the  whole  of  Solomon's  reign  this  style  of 
build  continued,  and  not  until  about  588  b.c,  do  we  arrive 
at  the  first  distinct  mention  of  a  '*  sail  *'  Ezekie]  xxvii,  7. 
From  this  period  until  the  Christian  era,  the  progress 
of  shipbuilding  was  very  slow,  and  the  compass  still 
unknown.     Even  the  rudder  was  not  invented,  and  the 
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motive  power  was  chiefly  the  oar,  made  of  oak ;  heavy, 
cumbersome,  and  capable  of  application  for  even  mode- 
rate distances  only  by  the  forced  labour  of  slaves,  who, 
when  at  work,  were  driven  by  cruel  task-masters  with 
long  whips.  It  is  not  to  be  wondered  at,  then,  that  the 
ancients  never  ventured  out  of  sight  of  land — ^were  totally 
unacquainted  with  the  art  of  navigation, — and  that  the 
type  of  vessel  for  coast  service  remained  unaltered  from 
age  to  age. 

The  ships  of  war  of  ancient  Greece  and  Rome  were, 
for  their  class,  of  a  very  powerful  and  formidable  nature, 
a  remnant  of  which  is  still  to  be  found  in  some  of  the 
vessels  in  the  Mediterranean.  They  consisted  of  the 
galley,  with  one  row  of  oars  on  each  side,  the  bireme  with 
two  rows,  trireme  with  three  rows,  and  the  quadrireme 
with  four  rows,  the  three  former  of  which  were  very 
clearly  illustrated  by  the  beautiful  models  recently  lent 
by  the  Venetian  Government  to  the  Exhibitions  of  Liver- 
pool and  Glasgow* 

In  the  Peloponnesian  war,  a  trireme's  crew  consisted 
sometimes  of  170  oarsmen,  exclusive  of  the  other  hands, 
and  her  speed  was  equal  to  that  of  our  racing  boats,  or 
even  some  quick  steamers.  By  St.  Paul's  time,  the  art  of 
shipbuilding  seems  to  have  improved  very  much,  since  the 
ship  in  which  he  was  wrecked  at  Melita  had  276  people 
on  board,  besides  a  cargo  of  wheat,  and  that  famous 
vessel  was  capable  of  running  the  distance  from  Rhegium 
to  Puteoli,  182  miles,  in  one  day.  It  is  also  recorded, 
that  the  Alexandrian  corn  ships  of  this  period  had  a 
capacity  varying  from  500  to  1,000  tons. 

Within  the  last  two  or  three  centuries,  the  shape  of 
vessels'  hulls  has  been  very  much  modified.  At  one  time 
they  had  extremely  lofty  poops  and  forecastles;  indeed 
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the  word  "fore-castf^"  owes  its  origin  very  naturally  to 
the  huge  constructions  which  once  adorned  the  forward 
part  of  a  ship;  and  the  after  part  was  still  higher,  as 
may  be  seen  in  many  old  engravings  of  such  vessels. 
Their  rig  has  also  been  altered  from  time  to  time,  in 
accordance  with  the  dictates  of  changing  opinions  in 
naval  architecture,  and  the  sails  arranged  and  propor- 
tioned so  as  to  act  most  efficiently. 

Many  years  ago,   a   Mr.   Cunningham    invented  an 
arrangement  of   gear   for    abolishing   the  old-fashioned 
system  of  reefing,  which- was  accomplished    simply  by 
lowering  the  yards  from  the  deck,  and  allowing  them  to 
revolve  upon  their  axes.     By  this  process,  the  sail  was 
automatically  coiled  up,  and   a  great  deal  of  time  and 
trouble  were  saved.     In  the  model  experiments,  the  appa- 
ratus worked  admirably,  and  so  it  did  also  in  practice. 
In  course  of   time,   however,   yards    originally  straight 
became  slightly  bent,  which  prevented  them  from  turning 
as  they  should  have  done,  and  thus  the  improved  system 
was  gradually  relinquished. 

Double  topsail  yards  were  next  introduced,  the  lower 
one  being  fixed  in  position,  and  the  upper  one  being 
made  capable  of  rising  and  falling  in  the  usual  way. 
But  here  a  great  mistake  was  made  at  the  outset.  Ship- 
builders thought  that,  because  the  lower  topsail  was  so 
much  smaller  than  the  full- sized  sail  would  have  been, 
the  yard  could  be  made  lighter,  quite  forgetting  that  a 
close-reefed  topsail  in  a  storm  strained  it  quite  as  much 
as  the  ordinary  sail  would  have  done  at  other  times.  The 
yards  broke ;  they  were  then  strengthened,  and  thus 
they  have  remained  to  the  present  day. 

These  two  examples  clearly  indicate  that  people  who 
invent  improved  mechanical  appliances  for  ships  should 
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study  simplicity  to  the  utmost,  and  bear  in  mind  that  an 
apparatus  which  works  beautifully  when  everything  is  in 
compute  order,  may  fail  at  a  critical  time  through  some 
unforeseen  defect,  and  perhaps  cause  the  loss  of  the 
vessel.  The  same  thing  may  also  happen  with  other  good 
inventions  whose  practical  value  depends  upon  the  per- 
fect arrangement  of  their  surroundings,  and  which  cer- 
tainly deserve  success,  if  they  cannot  command  it. 

The  hulls  of  vessels,  which  in  former  days  were  of  the 
bluff- bowed  or  "tub"  species,  have  been  gradually 
improved,  and,  as  time  rolled  on,  the  "clipper"  tjrpe 
became  a  favourite,  and  perhaps  reached  maturity  among 
the  "sixties,"  when  timber-built  ships  of  the  "Lightning" 
class  made  such  wonderful  voyages,  and  ran,  in  some 
cases,  at  least  four  hundred  miles  a  day.  I  remember 
seeing  this  vessel  occasionally  in  the  Coburg  dock,  Liver- 
pool, where  at  that  period  some  of  the  famous  "  White 
Star,"  "  Black  Ball,"  and  other  liners  used  to  lie.  She 
gave  one  the  impression  of  a  ship  that  would  cut  through 
anything  under  heavy  sail  pressure,  and  attain  very  high 
speed,  and  looked  in  every  respect  what  she  really  was — 
one  of  the  fastest  ships  afloat.  On  one  occasion  this 
vessel  ran  the  distance  from  Melbourne  to  Liverpool  in 
the  wonderfully  short  period  of  sixty-three  days.  She 
has  sometimes  made  fully  i8  knots  an  hour  with  her  lee 
rail  under  water,  and  actually  logged,  on  her  greatest  run, 
436  knots  in  24  hours.  The  "  James  Baines,"  however, 
exceeded  this  on  her  famous  12  day  17  hour  voyage  from 
Boston  to  the  Mersey,  when  by  the  log,  she  was  at  one 
time  running  21  knots  an  hour,  under  a  crowd  of  canvas, 
which  included  all  the  starboard  stunsails  and  main 
skysail. 

However  much,  from  a  professional  point  of  view,  w^ 
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may  admire  the  steamers,  and  in  however  great  a  degree 
they  may  win  the  brotherly  love  and  sisterly  affection  of 
all  those  connected  with  them,  it  is  certain  that,  in  one 
respect,  they  will  never  equal  the  sailing  ships.  Every- 
thing that  constitutes  magnificence  in  masts,  and  spars, 
and  sails,  is  fast  disappearing  from  the  former,  and  in 
vessels  of  the  "  City  of  Paris  *'  class  they  are  hardly 
required,  owing  to  the  use  of  twin-screw  machinery.  A 
great  ocean  liner  in  a  stiff  breesse  is,  therefore,  a  somewhat 
uninteresting  object,  when  compared  with  some  of  the 
splendid  three  and  four  masted  sailing  clippers  of  London 

• 

and  Liverpool.  And  when  tearing  along  at  sixteen  or 
seventeen  knots  an  hour,  under  a  crowd  of  canvas,  the 
passengers  of  the  Indian,  Australian,  and  Cape  of  Good 
Hope  mail  steamers  will  see  in  these  vessels  the  highest 
order  of  beauty  among  the  white-winged  descendants  of 
an  ancient  race,  who  perpetuate  the  art  of  practical 
seamanship  as  it  used  to  be  long  before  the  introduction 
of  steam  navigation. 

The  famous  "  Marco  Polo  '*  was  not  at  all  inferior  to 
the  "  Lightning  "  in  speed,  but  the  contrast  between  them 
was  striking,  especially  when  lying  together,  as  the  com- 
paratively full-shaped  bow  of  the  former  could  not  lead 
any  one  to  suppose  she  was  so  finely  modelled  below 
water.  Her  commander.  Captain  Forbes,  was  then  in  the 
zenith  of  his  fame  as  a  skilful  navigator  and  inventor  of 
the  system  of  circle  sailing  ;  indeed,  his  name  was  "  well 
up  "  both  at  home  and  abroad.  It  is  said  that  one  wet 
day  he  tried  to  get  into  an  omnibus,  which  was  com- 
pletely occupied. 

"  No  room,  sir,  we're  quite  full,"  said  the  conductor. 

"  Oh  !  but  my  good  man,  I  must  get  in  ;  I'm  Captain 
Forbes." 
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<<  I  don't  care  who  ye  are,  sir,  ye  ain't  the  captain  of 
this  'bus  I "  was  the  unexpected  reply. 

Fully  twenty  years  ago,  we  had  some  of  the  largest 
and  most  magnificent  wooden  sailing  ships  in  the  world. 
There  were,  for  example,  the  **  Morning  Light,"  the 
**  White  Star,"  the  **  Champion  of  the  Seas,"  and  many 
others,  all  of  which  have  now  disappeared.  Then  came 
the  rage  for  steamships,  which  went  on  increasing  until 
it  attained  such  gigantic  dimensions  as  almost  to  extin- 
guish whole  lines  of  what  used  to  be  sailing  passenger 
ships  of  the  class  just  mentioned;  and  at  no  time  has 
this  been  more  marked  than  in  the  ocean  traffic  during 
the  last  few  years. 

In  1808,  the  convict-laden  vessel  did  well  if  she 
reached  Botany  Bay  within  150  days  from  Spithead.  In 
1850,  the  eager  gold  digger  considered  himself  fortunate 
if  he  landed  in  Melbourne  in  90  days  after  leaving  the 
English  Channel.  Then  followed  the  age  for  clippers, 
when  75  days  was  thought  a  rapid  passage,  but  a  new 
era  dawned  on  the  history  of  Australian  navigation, 
when  the  "  Orient "  line,  which  led  the  way,  enabled 
passengers  to  reach  the  colony  in  the  short  space  of 
32  days,  including  stoppages.  In  other  words,  the  S.S. 
**  Austral,"  in  1883,  ran  the  distance  from  Plymouth  to 
Melbourne,  via  Suez,  11,162  miles,  in  32  days,  14  hours, 
49  minutes.  In  October,  1887,  however,  the  "Ormuz*' 
landed  the  mails  in  King  George's  Sound,  Australia,  in  a 
little  under  24  days  from  London,  which  gave  an  average 
speed  of  i8i  statute  miles  per  hour  for  the  whole  voyage. 

Amongst  the  quickest  steamship  runs  for  long  voyages 
were  two  races  with  cargoes  of  tea  by  the  "Stirling 
Castle,"  which  at  one  time  belonged  to  Skinner's  China 
Line.    This  vessel  was  built  by  Elder,  and  though  not 
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exceeding  4,500  tons  gross  register,  had  engines  of  7,000 
indicated  horse  power. 

At  4  a.m.  on  May  22nd,  1883,  she  started  on  her 
second  voyage  from  Shanghai  with  5,400  tons  of  the  first 
of  the  new  season's  tea,  and  arrived  at  Singapore  on  the 
29thy  at  I  p.m.  After  fifteen  hours  coaling  she  sailed  for 
Suez,  where  she  arrived  on  June  12th,  at  1-30  p.m. 
Upon  taking  in  coals  again  at  Port  Said,  she  started  on 
June  14th,  at  6-30  a.m. ;  passed  Gravesend  on  the  22nd, 
at  I  p.m. ;  and  entered  the  London  Docks  an  hour  later, 
thus  performing  the  voyage  from  Shanghai,  including  all 
detention,  in  31  days  10  hours,  or  29  days  2  hours' 
steaming  time.  The  average  speed  of  16  knots  an  hour 
was  maintained  for  the  whole  voyage,  but  the  ship  some- 
times ran  19  knots,  and  her  daily  runs  against  the  South- 
West  monsoons  ranged  from  371  to  401  nautical  miles. 

A  new  system  of  construction  has  recently  been  intro- 
duced into  Atlantic  steamships,  which  has  been  fully 
developed  in  the  latest  vessels  of  the  Inman  and  White 
Star  Companies.  The  "  City  of  New  York  "  and  "  City 
of  Paris  "  belonging  to  the  former,  are  each  560'  o"  long, 
63'  3"  broad,  42'  o"  deep,  and  10,498  tons  gross,  which 
makes  them  the  largest  steamers  in  the  world.  They  are 
built  of  steel,  and,  from  the  numerous  watertight  bulk- 
heads, and  other  important  improvements  that  have  been 
introduced,  may  be  termed  **  unsinkable.''  The  engines 
are  of  the  twin  screw  triple  expansion  description,  having 
cylinders  for  each  set,  45",  71",  and  113"  diameter,  stroke 
of  piston  5'  o",  steam  pressure  150  pounds  per  square  inch, 
and  indicated  horse  power  20,000.  Many  other  engines 
are  also  employed  for  driving  the  circulating  pumps, 
and  for  electric  lighting,  hydraulic  hoisting,  refrigerating 
apparatus,  steam  steering,  steam  haulage,  pumping  water 
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throughout  the  ship,  and  for  other  purposes.  The  speed 
of  each  vessel  is  fully  20  knots  an  hour,  and  the  internal 
arrangements  are  in  every  respect  quite  equal  to  those  of 
the  highest  class  hotels. 

Some  of  the  swiftest  steamers  afloat  are  to  be  found  on 
the  Clyde  and  Mississippi.  The  '<  Columba  *'  and  the 
"Lord  of  the  Isles,"  previously  mentioned,  run  21  and 
23  miles  an  hour  respectively,  on  their  usual  daily  trips, 
but  even  this  is  exceeded  by  the  performances  of  torpedo 
boats  on  the  Thames,  which  have  attained  the  astonishing 
speed  of  24  knots,  or  2^\  statute  miles  per  hoiu*. 

As  we  have  frequently  used  the  words  "  knots  "  and 
**  miles'*  in  reference  to  a  ship's  velocity,  it  may  be  well 
to  mention  that  the  former  is  the  sixtieth  part  of  a  degree 
at  the  Equator,  or  6,082  feet,  and  is  therefore  called  a 
nautical  mile  or  knot,  whereas  the  English  statute  mile 
on  land  only  amounts  to  5,280  feet.  For  simplicity  in 
calculation,  we  usually  take  the  number  of  knots  run  per 
hour  by  a  ship,  and  add  one-seventh,  which  reduces  them 
to  miles,  that  is  to  say,  21  knots  are  equal  to  24  miles. 

The  American  river  steamers  are  very  different  in 
every  respect  from  ours,  but  are  nevertheless  well  suited 
for  what  is  required  of  them.  Their  leading  features  are 
light  draught,  high  speed,  curiously  trussed  and  tied 
framings  in  ship  and  engines,  and  magnificent  hotel-like 
interiors.  The  following  are  the  dimensions  oi  one  of  the 
largest,  named  the  "New  World."  Length  468  feet, 
breadth  of  beam  50  feet,  and  over  paddle  boxes  85  feet. 
The  hull  is  of  timber  and  flat  bottomed,  with  bilges 
nearly  square,  and  draught  of  water  5  feet  6  inches.  In 
such  a  shallow  vessel  the  trussing  is  immensely  strong, 
and  although  the  great  high  pressure  engine,  with  its 
huge  "  walking  beam  *'  and  other  peculiarities   may  not 
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be  in  accordance  with  our  ideas,  the  Americans  never- 
theless obtain  results  which  are  quite  satisfactory  to 
themselves. 

Some  of  the  greatest  changes  in  engineering  and  iron 
shipbuilding  have  taken  place  in  the  Navy,  and  so  sweep- 
ing and  rapid  have  been  their  character  that  one  eminent 
authority  in  such  matters  stated,  a  short  time  ago,  that 
we  were  "  most  extravagant  people,  because  every  few 
years  guns  and  ships  that  had  cost  millions  were  put 
aside  to  make  room  for  some  improved  system  of  con- 
struction costing  a  few  more  millions,  which  superseded 
all  that  had  been  previously  accomplished."  To  so 
great  an  extent  has  this  been  carried  that  uncharitable 
individuals  might  feel  inclined  to  say  that  gunnery 
engineers,  such  as  Sir  William  Armstrong,  Sir  Joseph 
Whitworth  &  Co.,  and  others,  had  formed  a  conspiracy 
with  the  shipbuilders  and  armour-plate  people  for  their 
mutual  benefit,  and  practically  directed  all  their  efforts 
towards  neutralising  each  other's  improvements. 

This  may  appear  to  have  been  the  case,  but  the  truth 
is,  that  practical  science  has  made  such  rapid  strides 
in  recent  times,  and  so  overwhelming  have  been  the 
changes,  that  really  we  can  hardly  tell  what  the  next 
movement  may  be,  or  how  it  may  afifect  us.  Among  the 
**  fifties,'*  the  greater  part  of  our  naval  ships  were  built  of 
timber,  and  heavily  masted  to  enable  them  to  sail  well. 
The  introduction,  however,  of  good  horizontal  engines, 
such  as  Penn's  double  trunk,  and  Ravenhill's  and 
Maudslay*s  return  connecting  rod  types,  created  a  great 
demand  for  them  in  these  vessels,  because  both  engines 
and  boilers  could  easily  be  kept  below  the  water  line,  and 
out  of  danger  from  shots  penetrating  the  sides. 

These  engines  were  chiefly  used  at  first  as  auxiliaries 
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to  help  the  ships  on  in  calms  or  against  head  winds,  and, 
to  render  them  still  more  serviceable,  the  propellers  were 
made  with  only  two  blades,  so  that,  on  being  disconnected 
from  the  end  of  the  shaft,  they  could  easily  be  lifted  by 
winch  gearing  into  a  recess  which  was  made  for  them  in 
the  stern.  This  gave  the  ship  full  scope  for  the  use  of 
her  sails,  and  prevented  her  from  uselessly  dragging  the 
screw  through  the  water. 

In  course  of  time,  ironclads  came  into  use,  with  full 
powered  machinery,  and  with  magnificent  masts  and 
spars  as  well.  Of  this  class  may  be  mentioned  H.M.S. 
"Black  Prince,"  "Warrior,"  and  others.  The  next 
movement  consisted  in  cutting  down  the  masts  until 
hardly  any  were  left,  thus  throwing  the  whole  work  of 
propelling  the  ship  upon  the  engines,  and  the  result  has 
been  the  introduction  of  a  class  of  vessels  which,  though 
well  suited  for  modern  warfare,  are  as  devoid  of  every 
element  of  beauty  as  it  is  possible  to  conceive.  Within 
the  last  few  years,  the  vertical  compound  engine,  and 
latterly  the  triple  expansion  engine,  have  been  adopted, 
because  the  armoured  sides  form  a  sufficient  protection 
from  shot. 

All  this  time  a  struggle  was  persistently  maintained 
between  guns  and  armour  plates,  and  every  now  and  then 
an  improved  and  more  powerful  gun  was  invented  for  the 
purpose  of  smashing  all  opposing  ironclads  in  existence. 
This,  in  turn,  led  to  considerable  strengthening  of  the 
sides  of  these  vessels,  which,  however,  was  neutralised  by 
a  great  increase  in  the  power  of  the  artillery,  and  thus  the 
friendly  strife  was  maintained,  until  wonderfully  con- 
structed steel  ordnance,  and  ships  something  marvellous 
to  behold,  were  ultimately  arrived  at.  A  first-class  iron- 
clad of  this  description  now  costs  about  ;^750,ooo;  the 
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iio-ton  guns  she  carries,   cost   ;^i9,50o  each;  a  single 
charge  £ss  los.,  and  a  single  cast  steel  shot  £i^S* 

The  machinery  used  in  the  manufacture  of  these  guns, 
includes  200  ton  hydraulic  cranes ;  lathes  costing  ;^6,ooo 
each ;  boring  machines,  ;^4,ooo ;  combined  gun-boring, 
turning,  rifling,  and  lapping  machines  at  ;^7,ooo  each ; 
and  a  great  variety  of  powerful  engines,  tools,  and 
appliances  suited  to  the  work  they  have  to  perform. 

The  largest  and  most  powerful  war  vessels  in  exist- 
ence are  the  Italian  ironclads  '*  Sardegna,"  **  Italia," 
"  Lepanto,"  «  Sicilia,"  and  "  Re  Umberto."  The  dimen- 
sions of  all  but  the  first-named  are,  length  400'  4",  breadth 
76'  9"y  and  mean  load  draft  of  water  28'  8".  Their  engines 
were  designed  in  1884,  by  Maudslay,  Sons  &  Field,  as 
ordinary  twin  screw  compounds  of  19,500  horse-power; 
and  with  a  displacement  of  13,298  tons,  the  speed  of 
each  ship  will  be  18  knots.  These  vessels  have  excited 
much  criticism  at  home  and  abroad,  as  their  machinery  is 
now  out  of  date,  and  the  ships — ^as  Herr  Spiridion 
Gopcevic  himself  declares — are  neither  useful  as  iron- 
clads, nor  as  unarmoured  cruisers.  He  further  states 
that,  for  the  cost  of  the  *•  Re  Umberto  '* — which  will  not 
be  finished  till  1892 — four  ships  could  be  built  which,  in  a 
variety  of  ways,  would  be  much  more  serviceable.  As  the 
'*  Sardegna  *'  is  22,800  I.H.P.,  she  has  at  present  reached 
the  limit  of  power  in  marine  machinery.  The  last 
named  vessels,  however,  in  the  naval  and  mercantile 
services,  clearly  indicate  what  has  now  been  attained  in 
at  least  two  branches  of  practical  science. 

We  have  with  extreme  brevity  run  over  the  peculiari- 
ties of  ships  from  the  time  of  the  Phoenicians  to  the  year 
1889 ;  those,  however,  who  wish  to  study  the  History  of 
Merchant  Shipping  and  Ancient   Commerce^  will  find  very 
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interesting  information  in  the  late  W.  S.  Lindsay's 
exhaustive  treatise  in  four  volumes,  bearing  the  above 
title.  Great  changes  in  land  engineering  may  be  antici- 
pated in  the  future  as  time  rolls  on  and  the  powers  of 
nature  become  better  known,  but  what  those  changes  are 
likely  to  be  no  one,  perhaps,  can  predict  with  any  degree 
of  accuracy.  So  far,  however,  as  we  can  discover  at 
present,  steam,  as  a  motive  power,  will  continue  to  be 
employed  in  ocean  navigation,  on  account  of  its  general 
suitability. 

The  marine  engine  of  to-day  will,  on  the  whole,  remain 
pretty  much  as  it  is  now — at  least  for  some  time  to 
come — ^but  we  may  expect  changes  in  the  boiler  depart- 
ment which  will  economise  fuel  in  the  furnaces,  and  also 
weight  in  the  ship ;  thus  directly  decreasing  her  coal 
expenditure,  and  enlarging  her  cargo  earning  powers,  to 
the  delight  of  shipowners  in  all  parts  of  the  world,  and  for 
the  benefit  of  shipbuilders  and  engineers  at  home  and 
abroad. 
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CHAPTER  XVL 

FINISHING   THE    ENGINES    IN    THE   WORKS. 

Modern  Types  of  Engines — Cycle  of  operations  in  working  Triple  Expan- 
sion Machinery — Errors  detected  by  the  **  Turning  Gear  *' — Finishing 
touches,  past  and  present — Painting  of  Machinery — The  Engines 
taken  down — Boilers  completed — All  ready  for  the  Launch  of 
Ship — Distinguishing  Marks  of  Ships — *'  House  Flags  " — Funnels — 
Names — Preparations  for  Launching — The  Chairman's  Daughter — 
Visitors  and  Officials — Launch  Failures. 

The  «  Rosalind  "  is  now  so  far  advanced  as  to  enable 
the  builders  to  fix  a  day  for  her  launch ;  the  engines,  too, 
are  receiving  the  finishing  touches  in  the  erecting  shop, 
before  being  taken  to  pieces  ;  and,  as  this  is  the  best 
opportunity  we  shall  have  of  seeing  them  all  round,  let  us 
inspect  them  a  little. 

There  they  stand,  with  all  their  gear  in  position, 
with  the  exception  of  various  attachments  which  will  be 
added  to  them  when  in  the  ship.  The  main  difiference 
between  this  improved  type  of  engines  and  the  now 
obsolete  ''  compound  "  arrangement  of  machinery  is,  that 
the  latter  consisted  of  one  high  pressure  and  one  low 
pressure  cylinder,  except  in  the  case  of  very  large 
engines,  when  two  low  pressure  cylinders,  of  unitedly 
equivalent  area,  were  employed,  chiefly  with  the  object 
of  reducing  the  risk  of  an  unsound  casting,  and  also  for 
the  sake  of  greater  convenience. 

The  largest  mercantile  engines  of  the  two  cylinder 
class,  that  have  been  made,  were  those  of  the  Inman  ships 
City  of  Berlin  "  and  "  City  of  Richmond,"  having,  in 
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each  case,  steam  cylinders  of  76  and  120  inches  diameter* 
and  5  feet  6  inches  stroke.  Valuable  practical  lessons 
were  learnt  from  them  which  induced  engineers  to 
adopt  the  three  cylinder  tjrpe  already  mentioned,  and 
also  the  four  cylinder  or  "tandem"  arrangements,  at 
one  time  so  popular  in  the  White  Star  and  other  com- 
panies. In  this  instance,  however,  the  high  pressure 
cylinders  were  placed  on  the  top  of  the  larger  ones,  thus 
producing  a  very  lofty,  but  nevertheless  good  working 
set  of  engines,  the  working  pressure  of  which  seldom 
exceeded  75  pounds  per  square  inch. 

In  the  engines  before  us,  a  very  important  modifica- 
tion, of  the  most  recent  date,  has  been  introduced, 
consisting  of  a  three  cylinder  arrangement,  which  in- 
cludes one  high  pressure  cylinder,  worked  by  steam  of 
160  pounds  pressure,  which  escapes  at  greatly  reduced 
pressure  into  an  intermediate  cylinder  of  much  larger 
size,  and  then — in  a  very  expanded  state — ^passes  into 
the  low  pressure  cylinder  of  still  greater  diameter,  and 
from  that  to  the  condenser,  where  it  is  changed  into 
water  by  coming  in  contact  with  a  large  number  of  small 
brass  tubes,  through  which  the  sea-water  is  driven  by 
means  of  a  circulating  pump. 

The  cycle  of  operations  from  this  point  is  exactly  the 
same  as  in  ordinary  engines ;  that  is  to  say,  the  con- 
densed steam,  now  at  the  bottom  of  the  condenser,  is 
drawn  o£f  by  the  feed  pumps,  and  discharged  into  the 
boilers  as  partial  compensation  for  the  water  which  is 
evaporated  to  supply  the  engines  with  their  motive  power. 
It  may  be  mentioned,  however,  that  on  these  points 
everything  that  skill  and  science  can  suggest  is  freely 
made  use  of  to  prevent  the  possibility  of  any  accident 
happening  at  sea. 
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The  air,  circulating,  and  bilge  pumps,  with  all  their 
gear  and  attachments,  have  duties  to  perform  just  as 
usual,  with  the  exception  of  a  few  modifications  to  suit 
the  requirements  of  the  case. 

A  variety  of  platforms,  ladders,  pipes,  valves,  and 
other  connections  with  the  ship's  side  and  bottom,  can- 
not be  seen  here,  because  some  of  them  are  fixed  in  the 
vessel,  and  others  will  be  put  in  afterwards.  There  is  no 
danger  of  any  lurking  mistake  now  remaining  undis- 
covered, because  the  engines  have  been  turned  round  by 
hand  and  critically  examined  to  see  if  the  "  clearances  " 
are  all  right,  such  as  the  pistons  when  at  top  and  bottom 
of  cylinders,  etc.  The  setting  of  the  steam  slide  valves, 
upon  which  the  proper  working  of  the  engines  so  much 
depends,  has  been  adjusted  in  the  same  way.  These 
movements  are  efifected  by  the  turning  gear,  which, 
though  slow  in  its  action,  is  very  powerful,  and  in  many 
engines  is  arranged  so  as  to  be  worked  by  steam  power. 
If  the  machinery  passes  successfully  through  this  opera- 
tion, all  is  well,  and  those  in  charge  of  it  may  rest  in 
peace. 

We  have  referred  already  to  the  manner  in  which 
errors  in  drawings  are  made,  and  also  discovered  in  the 
works,  but  there  is  nothing  more  surprising  perhaps  than 
the  grave  and  most  unaccountable  blunders  which  are  at 
rare  intervals  committed, — even  by  the  most  experienced 
engineers, — and  which  will  escape  every  one's  notice  until 
the  engines  are  erected,  and  passed  through  a  revolution 
as  described.  Three  of  these  costly  mistakes  come  to  my 
remembrance  now.  The  first  happened  in  Denny's  to  a 
pair  of  trunk  screw  engines  for  China,  which  were  so 
urgently  required  that  we  were  working  at  them  till  ten 
o'clock  every  evening. 
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When  they  came  to  turn  the  cranks  round,  it  was 
discovered  that  the  connecting  rods,  at  one  point  of  their 
vibration,  cut  into  the  trunks.  There  was  no  remedy 
whatever  in  this  case  except  by  making  new  cylinder 
covers,  cutting  the  trunks  off  the  pistons  to  which  they 
were  cast,  and  making  the  second  set  oval  instead  of 
round,  so  that  the  required  clearance  could  be  obtained. 
This  operation  was  troublesome  and  expensive,  as  it 
involved  a  great  deal  of  difficult  turning  and  planing, 
indeed  the  trunks  were  perfect  master-pieces  of  art  of  the 
latter  kind,  since  they  had  to  be  finished  as  truly  as  if 
executed  in  the  lathe.  The  alteration  was  ably  carried 
out,  and  the  office  mistake  satisfactorily  rectified. 

On  another  occasion^  a  pair  of  oscillating  engines  were 
being  made  by  a  firm  on  the  Tyne,  when  the  turning  gear 
revealed  a  serious  error.  In  this  instance,  the  cylinders 
cut  through  the  bed-plate,  new  castings  for  which  had  to 
be  made  at  once,  which  considerably  reduced  the  profits. 

The  third  of  these  curious  events  happened  some  time 
ago  in  a  large  establishment  on  the  Mersey,  where  a  set 
of  powerful  twin  screw  Government  engines  were  build- 
ing. The  foreman  of  the  erectors  was  revolving  the 
machinery  in  the  usual  way,  and  fancying  everything  was 
right,  when  lo !  the  connecting  rod  of  one  engine — which 
meant  the  whole  of  them — fouled  a  large  casting  con 
taining  the  air  pump  valves.  This  also  had  to  be 
remedied  in  the  most  efficient  manner,  and  as  quickly  as 
possible. 

And  now  it  may  be  asked  how  such  things  occur, 
when  experienced  draughtsmen  prepare  the  drawings, 
when  the  manager  is  gazing  at  them  every  day  for  many 
months,  and  when  foremen  and  workmen  fail  to  see 
anything  wrong  until  too  late,  the  answer  is,  "  I  really 
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cannot  tell."  Cases  of  this  kind  only  prove  the  necessity 
for  great  vigilance  on  the  part  of  those  who  design  com* 
plicated  machinery,  to  prevent  even  the  possibility  of 
mistakes  existing. 

In  the  engines  before  us,  everything  has  '*  come  in  " 
splendidly,  and  Mr.  Macdonald  has  expressed  his  great 
satisfaction  to   Mr.  Burton,  who  is  delighted  with  the 
compliment.    After  being  thoroughly  overhauled  with  the 
object  of  finding  out  any  lurking  defect,  the  machinery 
receives  a  coat  of  slate-coloured  paint,  and  when   that 
is  dry  it  is  taken  to  pieces,  and  each  separate  detail, — 
previously  type  lettered  for  reference, — ^receives  the  finish- 
ing  touches.     Until  within  the  last  twenty  years,  this 
operation   was  a  most  important    one ;    it  meant    that 
everything  upon  which  high  art  could  he  displayed  was 
carefully  polished  in  the  lathe,  and  all  the  other  parts 
were  filed  and  drawfiled,  and  then  burnished  with  emery 
cloth,  until  not  a  scratch  however  small  could  be  seen, 
and  every  joint  was  so  beautifully  true  as  to  be  almost 
invisible. 

This  style  of  doing  things  is  now  changed,  for  com- 
mercial reasons^  but  the  fitting  of  machinery  is  as 
faultless  as  ever,  because  its  very  life  depends  upon  the 
way  in  which  all  the  parts  are  put  together.  As  super- 
fine polish  is  not  necessary,  from  a  practical  point  of 
view,  the  various  machines  execute  in  a  perfectly  satisfac- 
tory manner,  nearly  all  that  is  required,  thus  saving  a 
large  amount  of  expensive  manual  labour.  When  there- 
fore the  engines  in  front  of  us  are  taken  down,  they  will 
only  get  touched  up  here  and  there,  because  all  that  is 
needed  has  already  been  accomplished. 

Painting  and  colouring  generally  prove  most  attractive 
when  tastefully  arranged  and  harmoniously  blended  with 
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a  view  to  usefulness  as  well  as  ornamentation,  but 
nowhere  is  this  more  necessary  than  in  engineering* 
structures.  The  '<  Rosalind's "  engines  are  of  a  dark 
grey  or  slate  colour,  because  it  harmonises  with  the 
polished  work  and  impresses  one  with  their  solidity  ;  but, 
if  scarlet,  or  bright  blue,  or  brilliant  green  had  been  used 
instead,  it  would  have  given  them  a  paltry  appearance. 
The  same  may  be  said  of  nearly  all  other  kinds  of  engines, 
and  of  constructive  machinery  in  general.  Roofs  and 
bridges,  however,  are  treated,  very  effectively  in  a  lighter 
style ;  but  in  agricultural  engines  and  machines,  and 
also  in  American  locomotives,  etc.,  a  different  S3rstem  is 
employed. 

The  farm  labourer  is  fond  of  gaudy  colours,  and  if  he 
is  thus  treated  liberally  in  the  implements  he  uses,  will 
take  greater  pleasure  in  them.  Since  also  a  love  of  the 
beautiful,  in  some  form  or  other,  pervades  the  various 
races  of  the  earth,  those  who  live  in  the  prairie  and  other 
states,  will  be  induced  to  travel  more  frequently  when 
taken  in  tow  by  a  brilliantly  illuminated  and  pictorially 
treated  locomotive  and  tender. 

In  high  class  work  the  castings  are  carefully  scoured, 
and,  after  [several  coats  of  paint  have  been  laid  on,  a 
beautifully  smooth  finish  is  given  to  them.  Proper 
attention  to  such  matters  is  very  important,  because,  in 
addition  to  the  preservative  qualities  of  good  oil  colours, 
a  certain  amount  of  elegance  and  cleanliness  is  conferred 
upon  all  kinds  of  constructions,  which — as  we  have\ 
shown — does  good  in  various  ways.  -^ 

The  annexed  plate  is  a  view  of  the  heavy  turnery  at 
Messrs.  Clark*s  marine  establishment  at  Sunderland,  and 
clearly  illustrates  the  interior  of  similar  places. 

There   is  no   machine  in  engineering  establishments 
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that  holds  such  high  rank  as  the  lathe,  owing  to  its 
extreme  usefulness  and  economy  of  labour.  It  executes 
work  that  no  other  can  accomplish,  and  performs  much 
that  is  done  by  drilling,  boring,  screwing,  planing, 
slotting,  and  milling  machines.  It  is  also  capable  of 
cutting  screw  threads  of  all  sizes  out  of  the  solid  metal. 
This  invaluable  machine  is  of  endless  varieties,  and  ranges 
in  size  from  the  amateur's  foot  lathe  to  those  with  6  feet 
centres  and  60  feet  beds,  employed  in  the  manufacture  of 
the  1 10- ton  guns  previously  referred  to,  and  its  cost  will 
run  from  about  £^  to  over  ;^6,ooo.  Some  of  the  machines 
mentioned  above  are  shown  in  the  plate  opposite. 

If  you  were  to  look  into  this  part  of  the  erecting  shop, 
say  next*  day,  you  would  see  a  heterogeneous  collection  of 
cylinders,  also  the  condenser,  air,  and  other  pumps,  crank 
shaft,  and  other  gear,  lying  in  every  direction  upon  the 
floor,  the  bright  parts  of  which  will  be  painted  with  a 
mixture  of  white  lead  and  tallow,  to  prevent  them  from 
rusting.  This,  however,  can  easily  be  wiped  off  with 
cotton  waste  when  required.  The  massive  bed-plate  of 
the  engines  will  be  first  taken  down  to  the  fitting-up 
basin,  to  be  in  readiness  for  putting  on  board  as  soon 
after  the  launch  as  possible.  The  boilers,  too,  are  also 
ready  to  be  lifted  into  the  ship  when  she  is  alongside  of 
the  great  crane.  This,  however,  only  forms  part  of  the 
system  which  prevails  in  engineering  establishments,  and 
assists  in  no  small  degree  to  facilitate  the  economical 
execution  of  a  contract. 

I  cannot  at  present  remember  a  single  instance  of  a 
ship  having  been  launched  on  a  Friday.  My  good  friend, 
the  late  manager  of  the  Barrow  Works,  however,  informed 
me  that  they  **  did  not  consider  what  day  they  launched 
a  vessel  on,"  and  perhaps  that    is    the  most  sensible 
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method.  As  it  is  now  definitely  arranged  that  the 
♦*  Rosalind"  is  to  glide  into  her  native  element  on  Thurs- 
day next,  we  may  in  the  meantime  have  a  little  to  say 
about  the  distinguishing  marks  of  ships,  or  in  other 
words,  those  special  features  which  enable  people  to 
ascertain  at  a  distance  what  Companies  they  belong  to. 

The  salient  points  referred  to,  include  the  names  of 
vessels,  their  "  house  "  flags,  the  colour  of  the  funnels, 
and  to  some  extent,  at  least,  the  rig.  The  first  is  not 
only  the  oldest  and  best  known,  but  in  our  day  is  capable 
of  great  expression,  and  indicates,  in  all  parts  of  the 
world,  the  ownership  of  a  large  vessel.  Take  for  example 
those  of  the  Inman  line,  they  are  all  **  cities  ** — **  City  of 
Berlin,"  •♦  City  of  Paris,"  etc. 

The  Cunard  Company  adopt  the  names  of  countries, 
and  call  their  steamers  "  Servia,"  <*  Gallia,"  and  so  on, 
whereas  the  Allan  line  pursuing  a  similar  course,  alter 
the  last  syllable  slightly,  as  in  the  names  ''  Sardinian," 
**  Peruwaw,"  &c.  Solomon  used  to  say  that  **  a  good 
name  was  more  to  be  desired  than  great  riches."  A  good 
name !  Well,  who  would  not  prefer  being  called  a  Van- 
deleur,  a  Farquharson,  or  a  Seymour,  in  preference  to 
Snooks,  or  Bludd,  or  Bugge?  And  so  it  is  with  ships. 
Give  them  handsome  titles,  classical  or  modern,  and 
people  will  think  all  the  more  of  them,  and  this  will  no 
doubt  help  to  increase  the  revenue  of  their  owners. 
Favourable  first  impressions  are  most  important,  and 
every  legitimate  method  ought  to  be  used  to  obtain  them 
since  unsuitable  designations  create  false  ideas,  and  this 
will  be  apparent  if  we  suppose  the  "  Etruria  "  to  be  called 
a  ''Lily,"  and  the  "Mirzapore"  a  **  Violet,"— pretty 
little  titles  in  themselves,  but  only  suitable  for  river 
steamers. 
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Anything  will  do  for  canal  boats  and  mud  punts,  from 
"  The  Pet "  upwards,  and  yet  not  quite,  because  a  name 
that  is  popular  with  the  ladies  and  gentlemen  who  work 
them,  may  command  their  admiration  for  the  ships  they 
sail,  and  thus  produce  the  best  results.  This  principle 
seems  to  permeate,  in  some  form  or  other,  all  classes  of 
society,  but  in  too  many  cases  it  is  unwisely  disregarded. 
If  you  wish  to  see  at  a  glance  the  impropriety  of  giving 
unsuitable  names  to  ships,  try  the  reductio  ad  absurdum 
style  of  argument  and  you  will  succeed. 

For  example,  suppose  the  largest  vessels  of  the  Penin- 
sular and  Oriental  Company  were  re-named  the  S.S. 
"Flea,"  *'Cat,"  "Dog,"  "Brotherly  Love,"  "Sisterly 
Affection,"  "  Polly,"  and  so  on,  those  magnificent  steam- 
ers would  become  lightly  esteemed  by  people  who  had 
never  seen  them.  And  it  is  also  probable  that  if  pas- 
sengers were  to  head  their  letters  "  S.S.  Flea,  at  Sea,"  or 
with  any  of  the  other  names  mentioned,  their  friends  at 
both  ends  of  the  line  would  fancy  the  Company  had  char- 
tered a  three  hundred  ton  coaster  for  their  own  especial 
use,  and  for  the  sake  of  variety. 

And  thus  it  is  all  through  the  shipping  world.  A  well- 
selected  name  wins  admiration  from  the  public,  and  the 
affection  of  officers  and  crews,  whereas  unsuitable  ones 
do  no  good.  Upon  looking  over  the  extensive  list  of 
P.  and  O.  ships,  and  also  those  of  other  Indian  lines,  we 
find  many  handsome  titles,  the  best  of  which  are  of  three 
and  four  syllables.  Such  names,  however,  as  "  Rome," 
"Clyde,"  &c.,  cannot  do  justice  to  floating  palaces. 
They  are  too  short — they  want  massiveness — and  are 
deficient  in  that  euphony  which  is  to  be  found  in  such 
words  as  "  Golconda,'*  "  Massilia,"  "  Navarino,"  &c. 

The  names  of  rivers,  lakes,  mountains,  and  cities,  are 
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very  popular  amongst  shipowners,  who  generally  give 
handsome  appellations  to  their  vessels,  taken  from  the 
foreign  countries  to  which  they  sail.  This  is  only  natural, 
because  in  a  pleasant  way  it  helps  in  some  degree  to  win 
the  kind  consideration  of  the  inhabitants  of  distant 
climes.  Indeed,  we  may  add  that  a  gentleman  who  ran 
his  ships  to  Bombay  named  them  after  Hindoo  Rajahs, 
and  so  pleased  were  those  personages  with  the  graceful 
compliment,  that  they  presented  the  enterprising  owner 
with  a  handsome  amount  of  rupees  for  every  vessel  thus 
designated. 

The  branch  of  literature  just  referred  to  may,  perhaps, 
appear  trivial  to  some  people,  but  it  is  nevertheless  of 
more  importance  than  many  would  suppose,  and  of  an 
antiquity  considerably  greater  than  that  of  the  celebrated 
ship  of  Alexandria  whose  sign  was  *'  Castor  and  Pollux.** 

"  House  "  flags  form  another  good  distinguishing  mark. 
That  of  the  Cunard  line  consists  of  a  golden  lion  ram- 
pant, on  a  scarlet  ground,  carrying  the  world  in  his  arms ; 
and  all  the  other  Companies  arrange  their  colours  and 
devices  to  suit  their  own  ideas. 

Flags  of  this  kind  are  not  only  very  useful,  but,  if 
tastefully  designed,  highly  ornamental  appendages  to  a 
ship,  and  whilst  in  every  case  they  should  be  as  distinct 
as  possible  from  all  other  flags  of  similar  nature,  they 
ought  to  be  clearly  legible  at  a  distance.  This  is  accom- 
plished by  means  of  striking  contrasts  in  various  ways, 
and  when  initial  letters  are  used,  by  making  them  of  large 
size  and  bright  in  colour,  say  red  on  a  white  ground,  or 
white  on  a  blue  field.  The  latter  being  most  expressive 
and  tasteful  when  contrasted  with  each  other,  as  in  the 
simple  and  well-known  "  blue  peter,"  or  sailing  signal. 
From  sunrise  to  sunset   these  flags  are  carried  at  the 
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main  when  a  ship  is  in  port,  thus  indicating  at  a  glance 
the  Company  to  which  she  belongs,  and  enabling  people 
at  a  distance  to  find  out  the  vessels  they  are  in  search  of. 

Amongst  the  most  suitable  and  distinctive  house  flags 
are  those  of  the  Peninsular  and  Oriental  and  Anchor 
Companies.  The  former  consists  of  red,  blue,  yellow, 
and  white  triangles,  whose  bases  form  the  sides  of  the 
flag.  The  latter  is  simply  a  large  red  anchor  on  a  white 
ground,  which  expressively  tells  its  story.  The  Allan 
Company  carry  the  red  white  and  blue  of  France,  under 
a  red  pennant.  Floating  at  the  stem  of  their  ships,  and 
without  the  pennant,  this  would  signify  French  nation- 
ality, but  when  at  the  main  it  indicates  the  private 
colours  of  the  firm.  If,  however,  the  foremasthead  of  an 
incoming  or  outgoing  steamer  is  decorated  with  the  same 
flag,  or  indeed  with  that  of  any  other  country,  say  the 
United  States,  Chili,  or  Brazil,  it  effectively  announces 
that  the  ship  is  either  arriving  from  or  departing  to  a 
French,  American,  Chilian,  or  Brazilian  port. 

While  admiring  the  good  taste  displayed  in  the  selec- 
tion of  the  Allan  house  flag,  it  is  only  natural  to  suppose 

« 

that  the  originators  of  the  line  intended  it  as  a  delicate 
compliment  to  the  French  Canadians  whom  they  hoped 
to  receive  as  passengers  ;  and  this,  like  many  other  polite 
attentions  in  ordinary  life,  has,  no  doubt,  in  a  pleasant 
way,  done  much  more  good  all  round  than  some  would 
imagine. 

Another  very  expressive  distinguishing  mark  is  the 
colour  of  the  funnels,  which  are  variously  painted, — red, 
with  black  tops;  black  all  over;  cream  coloured,  as  in 
the  Navy;  and  in  other  ways  too  numerous  to  mention. 

The  rig  is  the  last,  and  also  the  least  important, 
because  there  is  so  little  room  for  diversity,  as  a  two* 
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masted,  three-masted,  and  four-masted  brigantine  are  the 
styles  generally  adopted  for  large  steamers.  The  Inman 
people,  for  very  many  years,  appropriated  the  full  ship 
rigged  masts  and  spars,  by  means  of  which  their  vessels 
could  be  distinguished,  even  when  the  hulls  were  below 
the  horizon.  Now,  however,  they  have  taken  the  yards 
off  the  main  and  mizzen  masts,  because  they  are  not 
required. 

We  admire  the  names  "  Rosalind,'*  **  Andromeda,*' 
and  "  Clytemnestra,"  given  to  our  three  ships  now 
building,  the  first  of  which  is,  however,  a  compliment 
paid  by  the  Chairman  of  the  Company,  not  only  to  the 
original  lady,  but  to  his  eldest  daughter,  who  is  also  a 
<*  Rosalind,"  and  the  engaged  queen  of  the  launch.  And 
now  the  day  has  arrived  when  the  noble  vessel  is,  in 
newspaper  language,  to  ''  glide  gracefully  into  her  native 
element.*'  The  hour  fixed  for  the  event  is  twelve  o'clock, 
that  is  to  say,  just  a  little  before  high  water,  because  the 
steamer  when  launched  will  swing  with  the  tide  up  the 
river,  and  thus  avoid  all  vessels  which  are  likely  to  be  in 
the  way  lower  down.  About  eleven  o'clock  the  works  are 
thrown  open,  and  visitors  begin  to  arrive,  but  during 
the  whole  morning  the  ship-building  authorities  have 
been  completing  their  arrangements. 

At  11-40,  the  representatives  of  the  owners,  the 
invited  guests,  and  the  members  of  the  firm,  are  all 
assembled  on  a  raised  platform,  which  is  placed  at  the 
bow.  First  and  foremost  among  them,  is  the  Chairman's 
daughter,  who  is  to  have  the  honour  of  naming  the  ship. 
What  an  elegant  and  charming  young  lady ;  so  tastefully 
and  simply  attired,  and  all  smiles  and  sweetness  to  those 
around  her  I  Although  the  centre  of  observation,  she 
nevertheless  tries  to  look  quite  unconscious  of  the  atten- 
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tion  bestowed  upon  her,  just  as  if  a  launch  was  a  sort  of 
everyday  amusement.  She  has-  been  taught  to  think  a 
good  deal,  and  to  suppress  every  heartfelt  or  enthusiastic 
emotion.  In  spite  of  this,  however,  she  is  full  of  sym- 
pathy and  good  vnshes  towards  the  noble  vessel  which  is 
very  soon  to  bear  her  own  name,  and  which  will  be  a 
substantial  addition  to  her  father*s  splendid  fleet. 

The  Bishops  of  Chester  and  Liverpool  have  be^ 
invited,  and  it  is  quite  possible  that  if  either  or  both  of 
these  gentlemen  can  get  away  for  a  short  time  they  will 
favour  the  company  with  their  presence,  and  derive  much 
benefit  by  the  change.  Amongst  the  visitors  are  an 
admiral,  two  military  officers,  and  numerous  friends  of 
the  owners  and  builders,  with  their  wives,  sisters,  cousins, 
and  other  ladies. 

The  partners  of  the  firm  are  actively  employed  in 
bowing  and  smiling,  smiling  and  bowing  to  every  one, 
and  making  themselves  generally  useful  and  agreeable. 
Mr.  Macdonald  is  there  too  as  happy  as  a  king ;  he  has 
however  to  restrain  his  enthusiasm,  in  deference  to  the 
people  he  is  among,  but  will  make  up  for  it  afterwards. 
Mr.  Bouverie  is  also  there,  with  gloves  on,  and  looking 
quite  like  a  gentleman  at  large.  His  cares  are  lightened, 
and  all  responsibility  for  the  present  has  ceased,  as  the 
sole  management  of  affairs  has  been  transferred  to  the 
shoulders  of  the  shipbuilding  manager,  who  will  have  to 
look  out  for  squalls  if  the  ship  should  stick  on  the  ways, 
or  topple  over  altogether. 

Twice  within  my  own  knowledge  have  each  of  these 
disasters  happened.  When  everyone  thought  that  the 
'*  Great  Eastern  *'  was  fairly  off  at  the  Isle  of  Dogs,  she 
suddenly  came  to  a  standstill,  owing  to  the  enormous 
friction  of  the  rough   iron  launching  ways  which  were 
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of  novel  construction,  and  her  builders  had  to  expend 
nearly  ^120,000  before  *she  could  be  pushed  into  the 
water.  The  worry  and  anxiety  thus  brought  upon  the 
responsible  people  was  very  great,  and  it  is  said  that 
Mr.  Brunei's  health  was  so  much  injured  by  the  constant 
strain  that  he  never  recovered  from  its  effects. 

Many  years  after  this  event,  the  Brazilian  ironclad 
**  Independencia,*'  stuck  in  a  similar  manner,  near  the 
same  place,  and  it  cost  about  ;£'22,ooo  to  get  her  off.  In 
this  case,  however,  the  disaster  was  caused  by  the  sinking 
of  the  foundations  under  such  a  tremendous  load.  Then 
again  one  of  the  great  Galway  liners  fell  over  in  a 
Birkenhead  graving  dock,  and  was  so  seriously  damaged 
as  to  be  of  little  use.  And  who  does  not  remember  the 
launch  of  the  '<  Daphne,"  on  the  Clyde,  and  her  sudden 
overturn,  which  caused  the  drowning  of  a  large  number 
of  workmen. 

Not  one  of  these  evils  we  have  mentioned  can  happen 
to  the  ''  Rosalind,"  because  she  is  built  on  rocky  ground, 
and  is  well  ballasted.  The  ship  herself,  taken  as  she 
is,  looks  well.  Her  lines  are  fine,  and  the  model  very 
pretty  throughout.  The  stern  is  elliptical,  and  hand- 
somely finished,  and  the  bow  is  terminated  with  a 
beautiful  figurehead,  in  white  and  gold,  of  Shakspeare's 
heroine. 

The  bottom  of  the  vessel  is  painted  a  strong  flesh 
colour,  and  her  sides  black,  but,  had  she  been  an  Indian 
troopship,  they  would  have  been  painted  white,  because 
in  a  hot  climate  the  heat  is  not  absorbed  so  much  by  that 
tint.  As  great  preparations  for  the  launch  have  been 
made  during  the  last  two  days,  we  shall  briefly  refer  to  a 
few  of  them  in  the  next  chapter. 
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CHAPTER   XVII. 

LAUNCHING     A    SHIP. 

How  it  is  done— Launches  of  H.M.S.  "  BUck  Prince  *'  and  S.S.  "  City 
of  Rome" — Method  of  undocking  a  great  Ironclad — Captain 
Henderson — ^Tbe  Captain  in  charge  of  a  Launch — Launch  of  the 
**  Rosalind  " — ^Newspaper  comments — Ship  in  Dock — ^Machinery  on 
board  ready  for  Trial — Starting  the  Engines. 

A  SHIP  is  usually  built  upon  a  piece  of  ground  called  a 
slip,  which  slopes  towards  the  water,  and  which  should 
have  a  very  rigid  foundation,  not  only  to  prevent  any 
irregular  strains  upon  a  vessel  whil^  building,  but  also  to 
insure  her  safety  during  the  launch.  The  keel  is  sup- 
ported upon  a  row  of  temporary  blocks  of  large  sized 
timber,  placed  about  five  feet  or  so  apart,  centre  to  centre, 
and  wedged  upon  both  sides,  so  that  they  can  be  easily 
removed  from  below  when  required. 

Previous  to  a  launch,  the  sliding  ways,  on  which  the 
ship  will  move  when  once  started,  are  carefully  prepared, 
and  have  an  inclination  given  to  them  which  ranges  from 
about  z  in  12  to  z  in  24,  the  latter  slope  being  more  suit- 
able for  the  largest  vessels,  as  it  will  prevent  them  from 
acquiring  too  great  a  speed  when  entering  the  water. 
This,  however,  is  largely  regulated  by  the  amount  of 
water  space  available.  To  enable  the  ship  to  maintain 
her  equilibrium  while  being  launched,  a  strong  frame  or 
cradle  of  timber  is  built  upon  these  "  ways,"  and  suffi- 
ciently wide  to  give  the  requisite  steadiness,  otherwise 
she  might  capsize.     Guide  pieces  of  timber  are  also 
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securely  fixed  in  such  a  position  as  will  keep  the  cradle 
from  moving  from  side  to  side. 

As  the  whole  weight  of  the  ship  rests  upon  the  keel 
blocks  during  the  time  she  is  building,  a  system  of 
wedging  is  employed,  by  means  of  which  the  vessel  may 
be  slightly  lifted,  and  thus  caused  to  rest  upon  the  cradle 
alone;  but  if  the  blocks  are  capable  of  being  easily 
lowered,  this  process  is  unnecessary.  These  sliding  ways 
and  cradles  are  completed  a  day  or  two  before  the  launch 
is  to  take  place ;  the  ship,  however,  still  rests  upon  the 
keel  blocks,  and  is  kept  upright  by  props  and  shores. 

Shortly  before  this,  the  sliding  ways  are  rubbed  over 
with  hard  tallow  to  stop  the  pores  of  the  wood  and  give 
a  smooth  surface,  which  is  afterwards  well  lubricated 
with  soft  soap.  Just  previous  to  the  launch,  the  props 
which  kept  her  steady  while  building  are  removed,  so 
also  are  the  keel  blocks,  now  relieved  of  the  ship's  weight, 
the  whole  of  which  is  therefore  borne  by  the  cradle  and 
sliding  ways.  The  former,  however,  is  held  in  check  by 
two  dogshores,  which  are  protected  by  triggers,  otherwise 
the  great  event  might  come  off  prematurely. 

When  all  is  ready,  the  dogshores  are  released,  and  the 
ship  is  named  as  she  glides  into  the  water ;  but,  if  she 
will  not  go  of  her  own  accord,  the  action  of  screw-jacks 
or  hydraulic  presses  will  give  her  a  start,  and  the  force  of 
gravity  will  do  the  rest.  The  reason  she  moves  at  all  is 
that  the  launching  ways  have  had  given  to  them  an  inclina- 
tion slightly  in  excess  of  the  *^  angle  of  repose."  Among 
the  immense  collections  of  memoranda  possessed  by 
engineers  and  shipbuilders  are  a  few  which  have  been 
based  upon  experiments  made  to  ascertain  the  angle  at 
which  bodies  of  different  kinds  will  slide — ^by  gravity 
alone,  under  various  circumstances,— upon  each  other, 
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and  also  their  frictional  resistances ;  that  is  to  say,  iron 
upon  iron  or  brass,  smooth,  dry,  wet,  or  oiled  ;  wood 
upon  wood,  and  so  on  in  great  variety. 

If  you  were,  for  example,  to  put  a  smooth  block  of  ice 
upon  a  table,  and  tilt  it  gradually  on  one  side,  an  inclina- 
tion would  soon  be  reached  which  would  cause  the  ice  to 
slide,  but  if  this  slope  were  slightly  reduced  the  ice  would 
stop.  This  is  called  the  *'  angle  of  repose,*'  which  for 
obvious  reasons  varies  greatly  under  different  conditions. 
In  launching  a  ship  these  conditions  are,  '*  smooth  timber 
upon  wood  well  lubricated."  It  is  this,  however,  which 
guides  the  shipbuilder  in  the  choice  of  inclination  of  the 
launching  ways  suitable«for  vessels  of  different  sizes. 

I  have  seen  many  a  launch,  big  and  little,  but  consider 
those  of  H.M.S.  <*  Black  Prince  "  from  Napier's,  and  the 
S.S.  '*  City  of  Rome"  from  the  Barrow  Works,  as  the  two 
finest.  I  was  also  present  at  the  launch  of  H.M.S. 
'*  Agincourt "  from  Laird's,  but  it  was  somewhat  uninter- 
esting when  compared  with  the  other  two,  as  this 
enormous  ship  was  built  in  a  covered  dock,  and  floated 
out  at  the  last.  The  attendant  circumstances,  however, 
and  the  dinner  in  honour  of  the  event  in  the  evening, 
delighted  us  all.  The  gigantic  hull  of  the  '<  Rome " 
entered  the  water  in  magnificent  style,  so  also  did  the 
"  Black  Prince,"  but  the  difficulty  of  getting  the  latter 
safely  into  the  Clyde  was  very  great. 

In  the  first  place,  the^  river  was  so  narrow  at  Govan, 
that  a  vessel,  much  less  in  length,  could  easily  have 
blocked  the  passage  broadside  on. 

Secondly,  the  ''  Black  Prince  "  was  very  heavy,  and  in 
the  last  place,  the  ship,  angled  as  she  was  on  the  sliding 
ways  to  get  as  much  water  space  as  possible,  was  cramped 
even  in  this  respect,  owing  to  a  bend  in  the  river,  which 
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could  not  be  avoided.  The  result  of  these  combined  evils, 
was  an  elaborate  and  carefully  calculated  system  of 
cables  and  checking  gear,  for  the  purpose  of  bringing  the 
vessel  well  up  after  she  entered  the  water,  and  to  keep 
her  from  running  into  the  opposite  bank.  The  day  was 
very  wet,  nevertheless  many  thousands  of  people  went  to 
see  her  off,  and  really  nothing  could  have  been  more 
splendidly  carried  out  than  the  launch  of  that  magnificent 
ironclad. 

The  other  system  of  '*  launching  "  referred  to,  is  in 
reality  only  the  simple  process  of  undocking;  the  ship 
which  is  subjected  to  it,  having  been  built  under  cover  of 
a  large  roof.  The  shed  thus  formed  contains  all  neces- 
sary appliances,  including  a  powerful  travelling  crane, 
which  sweeps  the  building  longitudinally  and  trans- 
versely, and  assists  very  materially  in  the  construction 
of  the  vessel.  By  means  of  this  arrangement,  not  only 
are  the  workmen  protected  from  the  weather  at  all  times, 
but  the  engines,  boilers,  and  all  connections,  can  be  fixed 
in  position  h$fof$  launching,  thus  leaving  as  little  as 
possible  to  be  accomplished  afterwards. 

The  dock  in  which  the  vessel  is  built  is  closed  by  a 
caisson  having  tapered  ends,  which  fit  watertight  into 
grooves  in  the  sides  of  the  entrance.  When  everything 
is  ready  for  launching,  the  sluice  valves  in  the  caisson,  are 
opened  for  the  purpose  of  admitting  water  gradually, 
until  the  vessel  is  fairly  afloat,  and  all  the  props  which 
kept  her  steady  while  building  have  been  removed. 

The  ship  is  allowed  to  rise  with  the  tide  until  her  keel 
will  safely  clear  the  dock  sill.  And  after  the  caisson  is 
floated  out,  the  attendant  steam  tugs  tow  her  to  the 
fitting-up  basin,  where  the  masts  are  put  in  and  the  vessel 
completed  in  every  respect.      If   we  wished    to   know 
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appfoxifHatdy  the  total  weight  of  the  vessel  now  before  us — 
which  for  example,  may  be  called  the  Italian  ironclad 
"  Italia  " — ^the  process  would  be  a  very  simple  one. 

This  ship — already  mentioned — ^is  400  feet  long,  74  feet 
broad,  and  the  draught  of  water  is  27  feet  6  inches.  Her 
displacement  at  this  depth  amounts  to  1 3,900  tons,  and 
according  to  a  well  known  law — which  can  easily  be 
proved  by  experiment — is  exactly  equal  to  the  total 
weight  of  the  vessel  as  she  now  lies  in  the  water. 

Let  us  suppose,  for  the  sake  of  simple  illustration,  that 
her  huU  has  been  built  in  the  form  of  a  rectangular  water 
tank,  having  the  same  length,  breadth,  and  draught  as 
above,  and  is  floating  in  sea  water,  35  cubic  feet  of  which 
weigh  one  ton;  36,  however,  being  required  for  fresh 
water. 

Then  400'  x  74'  X  ^yV  =  814,000  cubic  feet,  which, 
if  divided  by  35,  will  give  23,257  tons. 

This  formula  is  beautifully  simple  for  calculating  the 
weight  of  ah  floating  structures  of  rectangular  form,  but  if 
the  same  information  as  to  a  ship  were  required  before- 
hand, the  weight  of  plating  of  every  description,  frames, 
deck  beams,  woodwork,  engines,  boilers,  shafting,  and 
everything  throughout  the  vessel,  would  have  to  be  ascer- 
tained, thus  involving  immense  labour,  and  forming  a 
very  striking  contrast  to  the  simple  process  just  men- 
tioned. In  addition  to  this,  the  shipbuilder  has  to  per- 
form many  more  calculations  before  he  can  ascertain  the 
draught  of  water,  the  stability,  and  other  important 
questions  relating  to  the  proposed  ship  he  has  in  hand. 

The  "  Italians  **  hull  is  supposed  to  be  of  box  form,  for 
convenience,  but  we  must  now  make  allowance  for  its 
actual  shape,  and  if  the  above  mentioned  23,257  tons  is 
multiplied  by  '6  a  constant  varying  slightly  according  to 
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the  shape  of  vessel,  the  product — I3i954  tons — will 
approach  very  closely  to  the  actual  weight,  or  **  displace- 
ment/' as  it  is  generally  termed,  already  given. 

This  grand  principle  in  hydrostatics,  although  applied 
chiefly  to  ships,  is  nevertheless  frequently  employed  in 
other  branches  of  engineering,  and  with  the  most  advan* 
tageous  results* 

Besides  the  finishing  touches  which  have  been  given 
to  the  outside  of  the  hull  of  the  <*  Rosalind,**  a  large 
number  of  flags  are  most  effectively  displayed  throughout 
the  vessel,  while  two  or  more  steam  tugs,  similarly 
ornamented,  are  lying  in  readiness  in  the  river.  There 
are  also  a  few  men  on  deck,  who  will  be  required  to  work 
her  when  afloat,  and  who  are  under  the  orders  of  a 
captain  who  directs  their  movements.  Who  that,  com- 
mander now  is,  I  cannot  tell,  all  I  wish  is,  however,  that 
it  could  be  Captain  Henderson. 

There  was  in  Laird's,  in  my  time,  a  gentleman  who 
was  well  known  to  all  of  us.  He  had  spent  some  of  his 
best  years  at  sea,  and  was  a  good  specimen  of  the  ancient 
mariners-one  of  the  old  school  of  ship  commanders  who 
could  <*chew  baccy,"  and  swear,  and  scorned  to  wear 
gloves.  He  also  seemed  to  have  but  little  regard  for  the 
refinements  of  polite  society,  and  in  this  respect  presented 
a  striking  contrast  to  the  aristocratic  navigators  of  some 
of  our  modem  mail  steamers.  The  gentleman  referred  to, 
was  Captain  Henderson.  The  day  before  the  launch  of 
the  '*  Agincourt "  took  place,  he  put  his  head  inside  of  our 
office  door  and  shouted  out,  '*  Now  then,  all  you  fellows  1 
you're  to  come  down  to-morrow  morning,  and  give  us  a 
hand  to  get  the  ship  out  of  dock." 

Everyone  of  us  went  of  course  at  the  hour  named,  but 
I  rather  think  we  were  more  ornamental  than  useful.  The 
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machinery  was  stopped,  and  a  great  number  of  people 
had  assembled  in  the  yard  to  witness  the  event.  The 
captain  was  quite  equal  to  the  occasion,  and  I  verily 
believe- crowded  into  that  one  hour  of  active  service  the 
energy  of  a  whole  week  of  his  past  life  upon  the  ocean. 
It  wotdd  now  be  rather  difficult  to  state,  with  any  degree 
of  accuracy,  what  He  actually  did  on  that  eventful  day, 
but  I  think  I  shall  not  be  far  wrong  in  sa3ring,  that  he  was 
iwrywhtre  on  the  deck  of  the  great  ironclad.  One  moment 
he  would  be  at  the  after  end,  the  next  at  the  bow,  and 
then  amidships,  putting  one  in  mind  of  the  Corsair,  when 
he  exclaimed : — 

**  Who  would  not  bmve  the  battle  fire — the  wreck, 
To  move  the  monarch  of  her  peopled  deck  t " 

Captain  Henderson  was  in  his  element  while  thus 
employed,  and  no  doubt  considered  it  a  high  honour  to 
have  the  opportunity  of  shouting  his  commands  to  the 
right  and  to  the  left,  about  **  hawsers,"  '*  bow  ropes,"  and 
all  the  rest  of  them.  His  professional  position  in  the 
Birkenhead  Iron  Works  was  that  of  superintendent  of 
the  riggers,  and  no  one  knew  better  how  a  ship's  masts 
and  yards  ought  to  be  stayed  and  braced  than  he  did. 

I  regret  to  say,  however,  that  my  remarks  only  apply 
to  one  who  will  never  again  be  associated  with  such 
animated  scenes,  as  our  good  friend  has  long  since 
departed  this  life.    May  he  rest  in  peace  ! 

It  is  impossible  for  me  to  describe,  from  actual  know- 
ledge, the  characteristics  of  the  present  commander-in- 
chief  of  the  **  Rosalind's "  launch,  I  must  therefore 
imagine  that  the  late  captain  is  in  charge  of  the  vessel. 
There  he  is  again  as  he  used  to  be,  high  up  at  the 
extreme  end  of  the  quarter-deck  next  the  river,  and  his 
figure  standing  out  in  bold  relief  against  the  sky. 
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The  tide  is  just  about  full,  and  he  is  anxious  to  be  off, 
but  obstacles  are  in  the  way,  vessels  are  coming  and 
going,  because  this  is  the  busy  time  for  docking,  etc.,  on 
the  Mersey,  and  it  would  never  do  to  run  into  any  of 
them.  There  goes  the  African  Royal  Mail  steamship 
*'  Teneriffe,"  outward  bound  to  the  West  Coast,  and  here 
comes  the  Cunarder  ''  Etruria,"  steaming  up  to  her  moor- 
ings off  Rock  Ferry,  to  be  in  readiness  for  Saturday's 
departure.  Highly  respectable  people  both  of  them  are, 
dip  your  ensign  to  each,  and  be  quick  about  it,  as  this  is 
the  first  opportunity  of  doing  so.  Other  vessels  are 
paddling,  screwing,  and  sailing  about,  much  to  the 
captain's  annoyance.  At  last  the  course  is  free,  the 
supreme  moment  has  arrived,  and  the  order  is  given  : — 

''  Stand  by  1  all  clear  below  there  ?  '* 

*«  Aye,  aye,  sir." 

"  Let  go  I  '• 

«  Hi  I  hi  1 1  Hold  on  thbre  !  HOLD  ON,  WILL 
YE  1 1  Drat  it  all,  if  there  ain't  a  dirty  little  beast  of  a 
Runcorn  flat  just  entering  upon  our  course,  whatever  we 
do  we  must  not  run  her  down." 

There  she  comes,  crawling  along  at  the  rate  of  three 
miles  an  hour,  and  trying  to  beat  out  to  sea  against  the 
tide,  and  with  little  wind. 

The  captain  is  wild,  and  waves  his  hat  frantically,  but 
she  still  carries  on  as  if  she  had  as  much  right  to  be  there 
as  anyone  else.  At  last  those  on  board  recognise  the 
gravity  of  the  situation,  and  head  for  the  opposite  shore. 
When  this  is  sufficiently  done,  the  order  is  again  given : — 

"  Now  then  I  aU  clear  below  ? " 

•*  All  clear,  sir." 

*•  Let  go  ! " 

Word  is  passed  to  the  bow,  where  all  the  visitors  and 
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officials  are  standing,  the  dogshore  men  are  signalled  to, 
the  chairman's  daughter  is  requested  to  dash  the  bottle  of 
champagne, — which  has  been  hanging  by  a  silk  ribbon, — 
against  the  bows,  naming  the  ship  the  "  Rosalind"  at  the 
same  time,  and  immediately,  a  space  which  up  to  this 
moment  measured  15^  inches,  has  become  16  inches,  and 
is  rapidly  increasing  in  the  accelerando  style.  Down 
goes  the  splendid  vessel,  amidst  the  cheers  of  the  multi- 
tude, until  her  rudder  touches  the  water,  then  the  stern 
sinks  deeply  into  it,  and  raises  a  large  wave. 

The  bow  next  crashes  through  the  floating  timber  of 
the  cradle,  the  hull  oscillates  fore  and  aft  for  a  minute  or 
so,  then  steadies  itself,  and  runs  far  out  and  up  the  river, 
as  was  intended.  The  tugs  in  the  meantime  are  after 
her  as  fast  as  their  wheels  can  drive  them,  and  eventually 
capture  the  runaway,  which  they  unitedly  tow  to  the 
entrance  of  the  fitting-up  basin.  The  "  Rosalind  "  is  now 
warped  in,  and  finally  brought  to  rest  under  the  great 
crane,  where  operations  are  at  once  begun  for  putting  her 
engines  and  boilers  on  board. 

While  this  movement  has  been  going  on,  the  guests 
and  others,  now  assembled  in  the  model-room,  have  been 
partaking  of  a  handsome  cold  lunch,  and  inspecting,  at 
the  same  time,  the  numerous  and  beautifully  finished 
models  of  naval  and  mercantile  ships  built  by  the  firm, 
and  the  paintings  with  which  the  walls  are  adorned. 
The  visitors  seem  to  be  highly  pleased  with  their  morn- 
ing's performance,  and  are  delighted  to  learn  something 
about  ships  and  steamers  they  had  not  known  before. 
The  conversation  is  most  animated.  Everyone  is  charmed 
with  everybody  else,  and  soon  afterwards  the  party  breaks 
up  and  they  all  disperse. 

The  newspapers  of  the  following  day  take  care,  while 
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describing  the  event,  to  give  as  much  information  as 
possible.  The  chairman's  daughter  is  complimented  upon 
the  elegantly  successful  manner  in  which  she  performed 
her  part  of  the  ceremony.  The  "graceful  gliding  of  the 
ship  into  her  native  element "  is  commented  upon.  The 
number  of  ships  built  by  the  firm  for  the  same  owners ; 
the  number,  tonnage,  and  horse  power  of  all  the  vessels 
they  have  now  in  hand,  are  fully  given.  In  short, 
everything  is  mentioned  that  may  be  interesting  to  the 
general  reader,  involving,  perhaps^  one  or  two  technical 
errors,  which  the  initiated  smile  at,  and  ordinary  ladies 
and  gentlemen  cannot  quite  understand. 

Having  got  the  "  Rosalind"  safely  into  dock,  the  next 
thing  to  be  done  is  to  set  a  small  army  of  workmen  upon 
her.  These  consist  of  engineers  and  boiler-makers,  ship- 
wrights and  riggers,  carpenters  and  joiners;  and,  when 
the  vessel  is  far  enough  advanced,  plumbers,  painters, 
upholsterers,  and  decorators  will  be  added  to  the  number. 
Everything  is  now  being  pushed  forward  with  rapidity  all 
over  the  ship  until  sufficiently  near  completion  to  enable 
the  engines  to  be  started.  This  is  an  indispensable  oper- 
ation, and  forms  a  prelude  to  the  official  trial  trip.  Briefly 
described,  it  is  as  follows. 

After  the  engines  and  boilers  have  been  fixed  in  place, 
and  all  connections  formed  between  them  and  the  sides, 
bottom,  and  other  parts  of  the  ship ;  when  the  propeller 
with  its  line  of  shafting  has  been  fitted,  as  well  as  all 
cooling  and  lubricating  gear,  and  ladders,  handrails, 
gratings,  etc.,  are  in  position,  steam  is  got  up,  and  the 
machinery  set  in  motion,  the  vessel  having  been  pre- 
viously secured  fore  and  aft  to  the  quay. 

Upon  rectifying  all  defects  which  may  now  appear, 
such  as  leaky  piston  and  valve-rod  stuffing  boxes,  and 
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bearings  which  may  require  easing  a  little,  the  engines 
are  allowed  to  run,  in  some  cases  for  hours*  During 
this  preliminary  trial,  everything  is  carefully  watched, 
both  in  the  engine  and  boiler  rooms,  and  all  stiffness  in 
the  working  parts,  which  is  incidental  to  new  machinery, 
gradually  reduced.  In  course  of  time,  a  highly  polished 
surface  is  given  to  the  main  bearings,  and  piston  and 
other  rods.  The  insides,  also,  of  the  steam  cylinders,  air 
and  circulating  pumps,  etc.,  acquire  a  glassy  surface, 
which  is  much  desired,  as  it  contributes  greatly  to  the 
success  of  the  trial  and  to  their  future  working  at  sea. 

With  small  engines,  such  as  those  for  launches  and 
torpedo  boats,  the  speed  of  the  working  parts  is  so  great 
as  to  prevent  one  from  following  their  movements,  but  with 
great  engines,  such  as  those  before  us,  the  motion  is  com- 
paratively slow,  and  you  have  time  to  look  at  and  admire 
them;  but  whatever  size  the  machinery  may  be,  the 
operation  we  have  mentioned  has  invariably  to  be  per- 
formed* 
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CHAPTER    XVIII. 

SHIP   AND    ENGINES   COMPLETED. 

Vessel  in  the  fiver — David  Kirkaldy — Ferry  passengers*  remarks— General 
Survey  of  the  Ship — ^Boiler  Room  and  Appliances — Engine  Room 
and  Fittings— *' Larboard  *'  and  **  Port  "—Pumping  Machinery- 
Watertight  Compartments — S.S.  '*  Arizona  '*  in  Collision  with  an 
Iceberg — The  Tunnel  and  contents — Materials  used  in  Engines — 
View  from  Starting  Platform — Different  kinds  of  Engines — How 
controlled  frbm  Deck — Complicated  modern  Machinery — ^Economy 
in  Working  and  Maintenance  — "  Crisp  word  of  Command." 

During  the  interval  between  the  *' start'*  and  the  official 
trial  trip,  everything  throughout  the  vessel,  fore  and  aft, 
below,  and  aloft,  is  being  touched  up  here  and  titivated 
there.  The  painters,  decorators,  and  upholsterers  are  in 
full  swing ;  the  grand-saloon  begins  to  look  noble ;  the 
masts  and  yards  are  all  up,  and  the  "  Rosalind  '*  is  at  last 
almost  finished. 

Another  event  in  her  early  history  has  now  arrived. 
The  ship  is  in  the  river,  just  a  little  above  the  track  of 
the  Birkenhead  boats,  and  is  getting  up  steam  previous 
to  departure  for  the  open  sea,  on  her  first  run,  which  is 
to  test  the  speed  of  the  vessel,  also  the  power  and  other 
qualities  of  the  engines  and  boilers. 

One  evening,  more  than  a  quarter  of  a  century  ago,  I 
paid  a  visit  to  the  Glasgow  Art  Gallery,  and  after  gazing 
at  the  pictures  for  some  time,  came  at  last  to  a  place 
where  an  exquisitely  beautiful  drawing  of  the  Cunard  S.S. 
'*  Persia  "  was  exhibited.  As  I  stood  admiring  it,  one  of 
the  visitors  said  politely  to  me,  "Let  me  give  you  this 
hand-glass,  and  you  will  see  it  better.** 
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•<  Thank  you  very  much/'  I  replied,  and  immediately 
added,  "  What  a  splendid  drawing  !  so  exquisitely  shaded 
and  coloured ;  so  minute,  and  in  so  many  views,  too ! 
What  taste  and  patience  the  engineer  who  made  it  must 
have  had  1  " 

'*  Yes,"  observed  the  gentleman  beside  me,  "  although 
it  is  my  own  production^  I  must  say  it  does  look  weU." 

Little  did  I  think  that  my  kind  friend  was  Mr.  David 
Kirkaldy,  who  at  that  period  flourished  in  Robert  Napier 
&  Son's  Lancefield  works,  while  I  at  the  same  time  was 
in  the  employ  of  Neil^n  &  Co.,  at  their  adjacent  Hyde 
Park  Foundry,  with  only  a  brick  wall  between  us.  Since 
those  days,  however,  Mr.  Kirkaldy  has  acquired  quite  a 
world-wide  reputation  in  an  experimental  branch  of  engi- 
neering he  then  practised  very  successfully  at  Messrs. 
Napier's. 

I  have  mentioned  my  art  gallery  experience,  because 
the  idea  it  conveys  may  be  utilised  in  similar  cases.  If, 
for  example,  the  builders  of  a  great  ocean  liner  on  the 
Mersey  or  the  Clyde  wish  to  learn  what  the  public  think 
of  her,  they  could  not  do  better  than  place  the  ship  in  a 
position  where  passengers  on  the  river  steamers  can 
easily  see  her  to  advantage.  After  this  is  done,  those 
gentlemen  may  cross  as  often  as  they  please,  and  observe 
the  remarks  of  people  around  them,  which  may  be  some- 
what in  the  following  style : — 

*'  What  a  magnificent  vessel  i  " 

**  Dear  me  1  what  power  those  funnels  must  havel " 

"I  do  like  that  rig,"  observes  a  "White  Star"  or, 
'*Cunard"  captain.  Such  a  beautiful  model,  too;  quite 
equal  to  any  of  ours.  'Pon  my  word,  those  people  know 
how  to  build  a  ship  !  " 

<<  Oh  ! '  says  one  lady,  '*  what  a  handsome  bow  I" 
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<<  What  a  lovely  stern  ! "  is  the  remark  of  another. 

So  on,  and  so  on,  in  great  variety.  Many  similar 
observations  have  I  heard  on  board  these  old  familiar 
ferryboats  of  the  Mersey,  and,  indeed,  have  not  been 
backward  sometimes  in  contributing  my  own  share.  It 
will  therefore  be  seen  that  ships  so  situated  are  exposed 
to  an  amount  of  criticism  from  all  classes  that  might 
gratify,  if  it  did  not  quite  instruct,  their  builders  who 
overheard  the  remarks. 

But  here  comes  the  tender  with  the  <<  select  company" 
of  visitors,  who  have  been  invited  from  Liverpool,  Lon- 
don, and  perhaps  the  Clyde.  The  representatives  of  the 
owners  are  dmong  them,-  as  also  are  those  of  the  builders 
and  engineers;  some  ladies  may  perhaps  be  added,  and 
in  a  few  minutes  aU  are  on  board.  It  will  be  a  little  time 
before  everything  is  quite  ready;  may  I,  therefore,  ask 
you  to  accompany  me  on  a  tour  of  observation  below,  as 
this  is  the  last  opportunity  I  shall  have  of  describing  the 
mechanical  interior  of  the  ship.  Let  us  begin  at  the 
boiler-room,  in  what  is  called  the  '<  stokehole." 

This  deserves  our  first  attention,  as  it  is  the  centre  of 
that  life-giving  energy  without  which  the  machinery  will 
be  useless.  The  arrangement  of  the  boilers  varies 
greatly,  according  to  circumstances.  Sometimes  they  lie 
fore  and  aft,  along  the  sides  of  a  ship,  and  are  fired  in  a 
transverse  direction,  but  in  large  vessels  they  are  gener- 
ally placed  transversely  in  rows  of  two  or  three  each,  and 
fired  longitudinally,  but  whatever  their  position  may  be, 
economy  of  space  is  the  first  thing  aimed  at.  There  you 
see  the  furnaces  giving  out  their  fierce  heat,  which  is 
immediately  transmitted  to  the  water  covering  them,  and 
also  to  the  numerous  tubes,  which  give  the  name  of 
^Hubular"  to  all  similar  boilers.     If  steam  has  to  be 


CHAP,  xvixi.        AND  SOCIALLY  CONSIDERED.  281 

raised  quickly,  the  famace  doors  will  be  shut,  and  those 
of  the  ashpit  opened,  thereby  causing  a  rush  of  cold  air 
under  the  fire  bars  to  assist  combustion  and  cause  intense 
heat.  If  the  engines  are  at  rest,  and  you  wish  to  check 
the  supply  of  steam,  all  that  is  necessary  is  to  reverse  the 
operation. 

*'  Where  is  the  forced  draught  part  of  the  business  ? " 
do  you  ask  ?  Well,  we  haven't  it  in  ihn  ship,  whatever 
we  may  do  in  others.  Some  people  seem  to  admire  it, 
especiaUy  the  inventors — others  don't  like  it.  For  the 
present,  at  least,  we  shall  be  content  with  the  natural 
draught  arrangement  you  see  before  you. 

The  coal  bunkers  are  furnished  with  sliding  doors, 
through  which  the  coal  is  taken  when  required,  while 
the  floor  we  stand  on  is  of  iron  plates,  on  which  the 
ashes  are  raked  previous  to  being  discharged  overboard. 
This  is  accomplished  by  means  of  iron  buckets,  which 
are  hoisted  when  filled  by  a  little  engine  at  the  top  of 
one  of  the  ventilators  you  see  overhead.  When  the  water 
in  the  boilers  becomes  too  salt,  owing  to  the  evaporation 
constantly  going  on  when  the  ship  is  at  sea,  some  of  it  is 
discharged  through  the  "  blow  off"  pipes  to  make  room 
for  a  fresh  supply.  "  Surface  blow  ofi "  pipes  are  also 
provided  for  the  purpose  of  clearing  away  any  impurities 
that  may  float  on  the  surface,  and  both  of  these  most 
useful  appendages  deliver  overboard. 

The  steam  stop  valves,  with  their  connections  for  each 
boiler,  are  all  overhead,  and  join  into  one  large  main, 
called  the  *'  main  steam  pipe,"  which  conveys  their  united 
contents  to  the  high  pressure  cylinder  of  the  engines,  but 
before  the  machinery  can  be  fully  started,  the  main  stop 
valve,  and  also   the  throttle  valve    for   regulating  the 

supply  of  steam  instantaneously,  must  be  opened.    In 

s 
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addition  to  the  above,  small  auxiliary  or  ''starting"  valves 
are  provided  for  convenience  in  handling  the  engines. 

The  safety  valves  are  on  the  top  of  the  boilers,  and 
are  of  great  value,  as  they  allow  the  superfluous  steam  to 
escape  through  the  waste  steam  pipe  at  the  back  of  the 
funnel.  They  act  much  in  the  same  way  as  volcanoes, — 
which  by  their  eruptions  prevent  a  whole  country  from 
being  blown  to  pieces, — and  thus  the  possibility  of  a 
disastrous  explosion  is  at  once  averted. 

There  are  other  appliances  and  connections  you  will 
see  around  you,  to  which,  however,  we  need  not  refer, 
beyond  merely  adding  that  they  also  are  indispensable, 
and  .conduce  greatly  towards  the  safety  of  the  boilers, 
and  their  economical  working. 

Besides  the  main  boilers,  there  is  a  *'  donkey-boiler," 
of  small  size,  which  is  used  when  in  port  to  supply 
steam  to  the  winches  for  unloading  the  cargo  at  each 
hatchway,  and  in  addition  to  all  these,  are  numerous 
ladders  and  gratings,  fixed  at  dififerent  levels,  and  in  the 
best  position  for  getting  up  and  down  from  t|ie  deck,  and 
working  at  everything.  Gear  and  tackle  of  every  descrip- 
tion for  general  use  are  also  liberally  provided. 

Let  us  now  take  a  turn  in  the  engine  room,  and  see 
what  is  to  be  seen  there.  As  we  have  already  described 
the  engines  in  the  erecting  shop  before  being  taken  to 
pieces,  it  may  only  be  mentioned  that,  as  this  lowest 
platform  has  no  particular  name,  we  may  call  it,  for  the 
sake  of  distinction,  the  ''mezzanine  floor,*'  because  it 
correspond?  to  the  floor  bearing  the  same  title,  which  lies 
underneath  the  stage  of  a  theatre,  and  also  because  all 
the  pumps,  crank  shaft,  and  some  of  the  valve  and  other 
gear,  are  here  congregated.  Before  us,  in  the  port  for- 
ward corner,  stands  the  donkey  engine,  whose  position 
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Mr.  Macdonald  curiously  altered  on  the  plans.  It  looks 
right  enough,  but  it  would  have  been  better  if— well,  well! 
as  Lady  Macbeth  used  to  say,  "What's  done,  cannot  now 
be  undone." 

This  useful  little  engine  is  named  after  the  well-known 
animal,  because  it  does  so  much  slavish  and  dirty  work, 
and  is  chiefly  employed  in  feeding  the  boilers  with  sea 
water  when  the  main  engines  are  at  rest.  It  also  pumps 
from  the  bilge  any  water  that  may  get  there, — either 
through  the  ship  leaking,  or  from  any  other  cause, — and 
discharges  it  overboard.  Another  of  its  duties  is  to  take 
water  from  the  sea  for  washing  down  the  ship,  and 
deliver  on  deck  through  ordinary  hose  pipes.  By  means 
of  "  communication  *'  boxes  containing  a  number  of 
valves,  any  of  which  can  be  opened  or  shut  at  pleasure, 
the  donkey's  sphere  of  action  may  be  greatly  enlarged. 

Previous  to  the  year  1845,  the  terms  '* larboard"  and 
'*  starboard "  were  used  on  board  a  ship ;  now,  however, 
the  former  is  styled  **  port,"  because  the  similarity  of  the 
words  was  too  great,  and  led  to  confusion,  perhaps,  at 
critical  times.  Since  that  date  the  altered  phrase  has 
been  applied  to  the  left-hand  side  of  a  ship  when  looking 
towards  the  bow. 

In  the  event  of  a  serious  leak  occurring,  not  only  will 
the  services  of  the  donkey  engine  be  utilised,  but  the  cir- 
culating pumps  for  supplying  the  condenser  with  cooling 
water  from  the  sea  will  be  made  to  draw  water  from  the 
bilge.  Various  other  pumps  throughout  the  ship  can 
also  be  used  for  the  same  purpose,  and  thus  an  immense 
quantity  of  water  can  be  thrown  overboard  in  a  short 
time. 

Over  our  heads  is  the  starting  platform,  which  may  be 
called  the  seat  of  government  of  the  engine  department, 
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because  every  movement  of  the  machinery  is  controlled 
from  that  commanding  position.  We  shall  be  on  it 
before  we  leave,  so  let  us  in  the  meantime  go  through  the 
tunnel.  At  its  very  entrance  is  one  of  the  watertight 
bulkhead  doors  of  the  ship,  which  are  worked  by  screw 
gear  from  the  main  deck.  This  vessel  is  divided  into 
numerous  watertight  compartments,  for  the  purpose  of 
localising  any  water  that  may  enter  during  a  coUision,  or 
otherwise,  a  plan  which,  we  may  say,  has  been  the  means 
of  saving  many  ships  from  foundering,  especially  the 
**  Arizona,"  when,  steaming  at  15  knots  an  hour,  she  ran 
into  an  iceberg  some  years  ago.  It  may  be  added  that 
the  foundering  of  the  magnificent  Cunarder  "Oregon'* 
after  collision  with  a  ship — ^to  this  day  unknown — ^was 
entirely  due  to  the  jamming  of  one  of  these  bidkhead 
doors  with  a  block  of  coal,  which  prevented  it  from  being 
closed  as  the  water  rushed  in. 

The  tunnel  itself  is  strongly  made  of  plating,  and 
arched  on  the  top,  as  all  kinds  of  cargo  will  be  placed 
over  and  around  it,  and  is  only  wide  enough  and  high 
enough  to  allow  the  engineers  to  walk  up  and  down 
comfortably,  and  attend  to  the  bearings  of  the  screw  shaft 
which  runs  through  it. 

At  the  entrance  to  the  tunnel  lies  the  "  thrust  block,'* 
very  securely  fixed  in  position,  as  it  will  have  to  sustain 
the  whole  thrust  of  the  propeller  in  driving  the  ship ;  and 
going  aft,  we  pass  several  *'  plummer  blocks,"  whose  duty 
is  to  carry  the  shafting,  which  is  bolted  truly  and  rigidly 
together,  in  several  lengths,  by  means  of  flange  couplings 
formed  on  each.  It  is  also  rough  turned  all  over,  and 
painted  white,  except  at  the4)earings,  where  a  high  finish 
is  necessary.  A  line  of  copper  pipes  is  carried  near  the 
roof  of  the  tunnel  and  throughout  its  whole  length,  for  the 
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purpose  of  supplying  water  for  cooling  these  bearings 
when  heated. 

Oil  boxes  are  also  provided  for  effectually  lubricating 
all  the  working  surfaces.  The  same  system  is  applied  to 
the  crank  shaft  in  the  engine  room»  and  it  may  here 
be  observed  that,  without  a  very  complete  arrangement 
of  lubricating  gear  connected  with  the  whole  of  the 
machinery,  it  would  very  soon  be  cut  up,  and  perhaps 
smashed  to  pieces,  through  extreme  friction  and  the  great 
heat  caused  thereby.  It  is  only  within  a  very  recent 
period  that  the  scientific  laws  which  regulate  perfect 
lubrication  have  been  even  partially  comprehended,  and, 
although  the  subject  is  too  frequently  treated  in  an 
empirical  manner,  it  is  now  well  known  to  engineers  that 
a  careful  selection  of  lubricants,  and  their  judicious 
application  to  machinery  of  all  kinds,  produces  highly 
satisfactory  results. 

We  are  now  at  the  end  of  the  tunnel,  and  close  to 
the  last  bulkhead  in  the  ship;  the  shafting,  however,  is 
continued  through  it,  and  also  through  the  stern  post,  out- 
side of  which  the  propeller  you  saw  in  the  great  lathe  has 
found  a  resting  place  for  the  present.  Between  the  screw 
and  the  bulkhead  just  named,  the  shaft  is  encased  by 
what  we  call  a  **  stern  tube  "  of  cast  iron,  which  contains 
two  most  important  bearings,  the  inner  one  being  of 
brass,  and  the  outer  one  of  lignumvitae.  It  was  discovered 
many  years  ago  that,  when  a  steamer  sailed  in  muddy 
water,  the  earthy  matter  contained  in  it  quickly  cut  up 
the  outside  bearings  of  brass  upon  brass,  as  the  shaft 
itself  had  '*  liners  "  of  this  material  shrunk  upon  it.  To 
remedy  this  defect,  Mr.  Penn  experimented  upon  lignum- 
vitae  similarly  in  contact  with  brass,  and,  as  he  found  out 
that  these  materials  could  safely  bear  a  working  pressure 
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of  2,000  pounds  per  square  inch»  when,  at  the  same  time* 
the  two  metals  had  their  surfaces  seriously  abraded  at  200 
pounds  per  square  inch,  the  wooden  bearings  have  been 
used  ever  since. 

Having  gone  as  far  as  we  can  towards  the  stem, 
let  us  return  to  the  engine  room.  I  may  now  tell  you 
that  all  the  parts  about  these  engines  which  could  not 
possibly,  or  even  economically,  be  made  of  wrought 
iron, — including  the  steam  cylinders,  condenser,  framing, 
and  a  great  variety  of  other  gear,— are  formed  of  cast 
iron,  or  cast  steel,  on  account  of  the  great  suitability  of 
these  metals  for  work  of  this  character.  Those  details, 
however,  of  a  simple  nature,  which  require  great  tough- 
ness and  lightness,  are  made  of  wrought  iron  or  steel,  but 
all  the  internal  working  parts  of  pumps  and  valves, 
exposed  to  the  corrosive  action  of  water,  must  be  of 
brass,  gun  metal,  or  phosphor  bronze.  Steam,  and 
other  pipes  throughout  the  ship,  are  made  of  copper 
for  lightness  and  convenience,  but  those  directly  in 
contact  with  bilge  water  in  the  bottom  of  the  ship  are  of 
lead. 

People  in  general  imagine  that  brass  and  iron  are 
somewhat  uniform  in  quality;  their  variations,  however, 
are  so  diversified  that  these  materials  require  great  cir- 
cumspection and  rigid  testing  on  the  part  of  engineers 
who  turn  out  machinery  of  a  high  class.  As  the  great 
forges  occupy  a  very  important  position  in  the  manufac- 
ture of  every  kind  of  heavy  ship  and  engine  work,  part 
of  which  we  have  already  seen,  the  annexed  view  of  the 
interior  of  a  portion  of  the  Mersey  Forge,  Livierpool,  will 
shew  clearly  the  arrangement  and  system  of  working  the 
powerful  steam  hammers  and  their  connections.  The  view 
of  the  forging  department  at  Messrs.  Wigham  Richard- 
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son  &  Co.'s  Newcastle  Works — introduced  further  on — 
will  also  prove  interesting. 

Let  us  now  go  up  the  ladder  to  the  starting-platform, 
which,  as  you  see,  consists  of  an  iron  floor,  having  grat- 
ings of  an  open  diamond  pattern  for  the  purpose  of 
admitting  light  to  the  lower  regions.  There  is  Mr. 
Bouverie  examining  evers^hing  carefully,  trying  this,  and 
inspecting  that,  and  Mr.  Macdonald  is  looking  on.  **  Off 
at  last  ? "  '*  Oh  no !  we  are  not  off  yet,  thank  you ;  they 
are  only  warming  the  engines  previous  to  our  departure.*' 

When  steam  comes  into  contact  with  cold  iron,  as  the 
cylinders  now  are^  it  becomes  condensed,  and  the  water 
which  is  formed  has  to  be  drained  off,  otherwise  internal 
accidents  would  arise,  as  the  pistons  have  very  little 
clearance  at  top  and  bottom  of  stroke,  and  might  thus 
strike  with  great  force  an  incompressible  fluid.  When  the 
cylinders,  however,  become  hot  enough,  full  steam  may 
be  admitted  with  safety,  and  the  ship  started  on  her 
voyage.  As  all  the  hands  are  busy  above  and  below, 
the  sooner  we  go  on  deck  the  better.  A  hasty  glance, 
therefore,  at  what  we  can  easily  see,  will  be  quite 
sufficient  for  our  purpose. 

The  view  from  this  position  is  considered  very  interest- 
ing, as  we  have  before  us  the  handsome  valve  gear, 
including  quadrants,  eccentric  rods,  starting  wheel,  and 
small  engine  for  working  the  gear ;  also  numerous  levers, 
rods,  and  a  great  deal  of  other  beautiful  work.  This 
type  of  engine  is  the  extremely  popular  and  practically 
useful  '*  inverted  cylinder  direct  action "  species,  but 
there  is  one  thing  I  don't  like  about  them. 

''Now  then,  haven't  you  got  the^  bolts  screwed  up 
jret  ?  "  Mr.  Bouverie  shouts  to  some  of  the  hands  on  the 
mezzanine  floor. 
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"  Very  nearly  finished,  sir." 

**  I  wish  you  would  be  quick  about  it." 

As  I  said  just  now,  there  is  one  thing  I  do  not  like 
about  these  most  admirable  engines,  and  that  is,  they 
have  very  little  to  shew  when  gazed  at  from  the  deck,  as 
the  cylinders  on  the  top  shut  out  everything  from  view, 
and  obstruct  the  light  very  much  for  those  below  ;  but  we 
cannot  have  all  we  wish,  and  this  is  only  one  example  out 
of  multitudes,  where  a  great  benefit  is  obtained  at  the 
expense  of  perhaps  several  minor  advantages.  The  prac- 
tice of  an  engineer  abounds  with  similar  instances,  and 
the  highest  skiU  and  judgment  are  often  displayed  in  the 
selection  of  what  is  really  best,  out  of  much  that  only 
appears  so. 

Horizontal  engines  can  easily  be  seen  from  the  deck, 
and  they  also  admit  of  a  very  light  and  spacious  engine 
room,  but  nothing  in  this  respect  could  have  equalled 
Tod  &  Macgregor's  steeple  engines,  such  as  those  of  the 
P.  and  O.  S.S.  *' Simla,*'  a  handsome  three  inch  scale 
model  of  which  stood  for  many  years  in  the  Crystal 
Palace.  This  machinery  was  completely  under  view  from 
the  deck  downwards,  from  which  point  you  could  take 
in  the  whole  of  it  at  a  glance,  including  highly  finished 
piston  and  connecting  rods,  crossheads,  cranks,  shafts, 
and  all  other  gear,  right  to  the  bottom  of  the  ship. 

For  screw  propulsion,  however,  nothing  can  be  better 
than  these  engines  of  the  '*  Rosalind,"  on  account  of 
the  practical  and  important  advantages  they  possess. 
Powerful  as  they  are,  the  whole  of  the  machinery  is 
entirely  and  instantaneously  under  control  from  this  plat- 
form, as  every  improved  invention  that  science  could 
devise  has  been  utilised  for  the  purpose.  The  officers  on 
the  bridge,  for  example,  telegraph  their  orders  direct  to 
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the  engine  room,  and  these  requests  are  musically  re- 
corded on  that  apparatus  before  you,  which  by  the 
striking  of  a  gong,  supplemented  by  index  pointers,  tells 
the  engineers  in  charge  to  '*  stop,'*  "  stand  by,"  and  *'  go 
ahead,"  or  "go  astern,"  "slow,"  "half  speed,"  "three- 
quarter  speed,"  or  "full  speed,"  as  required.  Such  an 
arrangement,  we  need  hardly  say,  is  in  times  of  danger 
of  the  most  vital  importance. 

Overhead  is  a  very  compact  travelling  crane,  for  lift- 
ing the  cylinder  covers  and  pistons,  or  anything  else  not 
too  heavy,  and  conspicuously  fastened  to  one  of  the  bulk- 
heads you  will  observe  a  handsome  brass  plate,  backed 
with  teak,  which  in  Egjrptian  block  letters  informs  all 
who  look  at  it,  that  the  engines  were  made, — ^let  us 
suppose, — ^by  "  Laird  Brothers,  Birkenhead  Iron  Works, 
1889,"  and  that  their  "  number  "  is  810.  This  statement 
also  conveys  as  true  an  idea  of  the  excellence  of  the 
machinery  as  "Collard  and  Collard"  does  on  a  grand 
piano,  or  Noel  Paton's  signature  on  a  picture. 

"  What  is  all  this  wonderful  and  complicated  mechan- 
ism for  ?  "  do  you  ask  ? 

Let  me  tell  you. 

In  days  of  yore,  marine  engines  were  much  more 
simply  designed  than  they  are  now.  They  were,  how- 
ever, very  inefficient,  and  also  expensive  in  maintenance. 
In  other  words,  they  were  not  economical  in  fuel  con- 
sumption, and  this  induced  engineers  to  consider  some 
improved  method  of  construction,  and  very  many  advan- 
tageous modifications  were  the  result.  The  surface  con- 
denser took  the  place  of  the  jet  condenser.  High  pressure 
steam  superseded  low  pressure  steam.  The  old  fashioned 
box  boOers  were  exchanged  for  those  of  cylindrical  form, 
and  a  host  of  minor  alterations  were  made  from  time  to 
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time,  which  unitedly  and  extensively  increased  the  com- 
plications of  this  most  important  class  of  machinery. 

The  principle  adopted  by  shipowners  was  this.  If 
you  find  that  ;^ioo  per  annum  can  be  obtained  by  invest- 
ing /i,ooo  in  engines,  and  also  discover  that  ;^300  may 
be  safely  made  in  the  same  time  by  increasing  your 
outlay  to  ;^2,ooo,  then  by  all  means  expend  the  last  named 
sum.  The  secret,  the  mainspring,  we  might  say,  of  all 
these  modem  complications  is  eccmomy^  or  saving  in  coal, 
in  management,  in  maintenance.  I  hope  you  will  there- 
fore not  be  surprised  to  hear  that  all  this  costly  mach- 
inery I  have  had  the  pleasure  of  explaining  to  you  is  for 
no  other  purpose  than  that  of  turning  a  shaft  with  a 
screw  at  the  end  of  it,  in  the  least  expensive  manner. 

There  are  wonderfully  simple  steam  and  electric 
engines  for  yachts,  and  others  driven  by  gas,  water,  and 
compressed  air,  etc.,  for  land  purposes,  with  extremely 
few  parts,  but  such  an  arrangement  cannot  possibly  exist 
in  the  machinery  before  us. 

"Is  that  circulating  pump  Kingston  valve  open?*' 
Mr.  Bouverie  now  asks. 

•«  No,  sir." 

"  Well,  then,  open  it !  " 

"Rather  a  blunt  man,"  did  you  say?  Just  wait  till 
you  know  him,  and  you  will  change  your  opinion.  He  is 
going  to  a  dinner  party  this  evening,  and,  if  you  were 
there,  you  would  find  him  one  of  the  most  accomplished 
gentlemen,  in  every  sense  of  the  word,  you  ever  met.  If 
any  one  remarked — 

"  I  hear  you  had  a  very  successful  trial  trip  to-day, 
Mr.  Bouverie,"  his  reply  would  be — 

•*  Yes,  we  have  every  reason  to  be  satisfied  with  the 
< Rosalind's'  performance,"  and  then— delicately  avoid- 


CHAP.  XVIII.         AI^D  SOCIALLY  CONSIDERED.  293 

ing  all  professional  talk — he  "would  drift  away  into  an 
animated  discussion  about  astronomy^  vulcanology,  music, 
the  fine  arts,  or  any  other  kindred  subject,  to  the  delight 
of  everyone, — so  happy  is  his  manner,  so  brilliant  his 
conversation.  When  you  join  the  ladies  in  the  drawing- 
room,  you  will  hear  one  of  them  remark — 

What  a  charming  man  Mr.  Bouverie  is  1 "  another — 
How  refined  and  intelligent ! " 

<*  Yes,"  adds  Lady  Bareacres,  "  and  how  modest  and 
unassuming,  too ! "    « 

This  gentleman's  style  of  speech  in  the  engine-room — 
that  of  the  Captain  when  on  duty— and  similarly,  of  all 
officers  in  the  Army,  Navy,  and  Mercantile  Marine,  is 
simply  what  Mark  Twain  used  to  delight  in  so  much 
when  among  the  Mississippi  pilots,  and  which  he  termed 
the  "  ms^  wcfi  of  command.*'  No  one  is  offended,  or  has 
his  feelings  hurt  by  such  plain  language,  and  a  great  deal 
of  time,  and  probable  danger,  are  saved  by  its  use. 

Just  fancy  what  we  should  come  to,  if  those  gentlemen 
blandly  observed,  **  I  am  very  sorry  to  trouble  you,  but 
would  you  mind  porting  the  helm  a  little  7 "  or, — "  I  shall 
esteem  it  a  favour  if  you  would  stop  the  engines,'*  or, — 
with  a  squall  coming  down  on  the  ship, — "  I'U  be  obliged 
to  you  if  you  would  kindly  let  go  all  sail." 

If  this  state  of  things  unfortunately  existed,  we  should 
soon  hear  of  a  Cunarder  being  lost  because  the  captain 
was  so  polite  to  his  officers  and  men  when  on  duty,  or  a 
magnificent  clipper  thrown  on  her  beam-ends  because  the 
sails  could  not  be  taken  in  before  the  blast  was  upon 
them.  The  Roman  centurion  set  a  good  example  when 
he  said  "  Go  I  "  "  Come ! "  and  "  Do  this  I  "  and  we  who 
foOow  in  his  footsteps,  by  adopting  his  style  of  language, 
are  saved  firom  much  tribulation. 
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Saloon  — "Running  the  Mile "—" Indicated  Horse  Power ♦*  — 
Successful  Trial— Unsatisfactory  Trial  Trips— Flag  Signalling  in  the 
Navy  and  Merchant  Service — Cunard  and  other  Atlantic  Captains 
and  officers — Sea-going  Engineers— Description  of  the  "  Rosalind  " 
just  before  sailing — Her  departure  on  First  Voyage — Farewells. 

They  are  all  busy  getting  ready  for  a  start,  and  here 
come  Mr.  Macdonald,  and  Mr.  Cameron,  the  <' Rosa- 
lind's" chief  engineer,  so  we  may  now  go  upstairs  by  this 
main  entrance  ladder.  As  we  mount  the  steps  you  will 
have  a  fine  view  of  the  cylinder  covers,  tail  rods,  escape 
valves,  hand  railing  and  other  small  gear,  but  that  is  very 
little  indeed  compared  with  what  is  underneath  them, 
which  we  have  already  seen  so  much  of. 

I  may  mention  that  this  ship,  like  others  of  her  class, 
has  her  steering  apparatus  worked  by  machinery,  and 
this  I  will  shew  you.  In  little  coasters,  the  ancient 
**  tiller "  is  quite  sufficient  for  steering  purposes ;  larger 
vessels,  however,  require  to  use  the  '*  wheel,"  which  is 
much  more  powerful;  but  modem  monsters  need  some 
superior  agency,  on  account  of  the  tremendous  strain 
thrown  upon  the  rudder,  especially  in  bad  weather.  It 
has,  therefore,  become  necessary  to  introduce  steam,  or 
hydraulic  power,  for  the  purpose  of  overcoming  such  a 
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force»  and  in  our  case,  the  result  has  been  the  installation 
of  these  pretty  little  engines  just  in  front  of  us,  which 
perform  all  the  work,  and  leave  the  steersmen  nothing 
to  do  but  turn  the  wheels. 

There  is  no  such  thing  known  now-a-days,  in  a  great 
liner,  as  the  captain  shouting  to  the  men  at  the  wheel, 
"  starboard,"  or  «•  port  your  helm,"  since  everything  that 
relates  to  the  guidance  of  a  ship  is  done  systematically, 
silently,  and  instantaneously  from  the  bridge  amidships, 
and  this  is  how  it  is  accomplished. 

The  commanding  officer,  in  that  post  of  honour,  by 
night  or  by  day,  is  keeping  a  good  look  out  ahead,  so  also 
are  two  men  at  the  extreme  end  next  the  bow.  If,  say  in 
a  pitch  dark  night,  the  vessel  is  steaming  17  knots  an 
hour,  and  comes  suddenly  upon  an  iceberg,  or  another 
ship  whose  lights  could  not  be  seen,  the  forward  look- 
out reports  at  once  to  the  bridge,  when  the  officer  in 
charge,  standing  perhaps  between  the  engine  and  com- 
pass telegraphs,  signals  with  one  hand  to  the  engineers  to 
"stop,*'  and  then  *'go  astern  full  speed,"  and  with  the 
other,  orders  those  in  the  wheel-house  to  put  the  helm 
••  hard-a-port,"  or  **  hard-a-starboard,*'  as  the  case  may 
require,  and  all  danger  is  averted. 

A  relative  of  mine  was  on  one  occasion  coming  into 
Liverpool  by  steamer,  and  when  o£f  the  Welsh  coast 
encountered  a  gale  of  wind  and  dense  fog.  The  ship  got 
out  of  her  course  somehow,  and  those  in  charge  suddenly 
discovered  that  she  was  running  straight  upon  a  precipi- 
tous wall  of  rock.  Not  a  moment  was  to  be  lost ;  bang 
went  the  helm  hard  over,  and  as  her  head  swung  round 
the  spray  from  the  rocks  fell  on  the  quarter-deck,  and  the 
vessel  was  saved  by  a  hair's  breadth.  Under^  we  believe, 
somewhat  similar  circumstances,  and  at  about  the  same 
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place,  the  S.S.  "  Dalmatian  "  was  lost  a  few  years  ago, 
but  not  one  escaped  to  tell  the  tale. 

In  the  handsome  and  admirably  arranged  steering 
department  of  an  ocean  liner,  the  quartermaster  stands 
in  front  of  the  wheel,  with  the  helmsmen  on  each  side, 
and  a  telegraph  apparatus  before  him,  similar  to  one  of 
those  on  the  bridge,  and  fitted  with  a  gong,  and  pointer 
which  indicates  on  a  dial  plate,  ''  course/*  ''  steady," 
**  port,"  and  "  hard-a-port,"  and  also  "  starboard,"  and 
"  hard-a-starboard.*'  If,  then,  in  the  event  of  threatened 
danger  such  as  we  have  mentioned,  or  indeed  at  any  other 
time,  the  officer  on  the  bridge  wishes  the  course  of  the 
ship  altered,  he  simply  transmits  his  order  direct  to  the 
wheel-house  official,  who  instantly  acts  upon  it.  These 
arrangements  will  clearly  shew  that  modern  steam  vessels, 
even  of  the  largest  size,  are  at  all  times  under  the  most 
complete,  and  we  might  say  instantstneous,  control. 

Steering  gear,  however  perfect  it  may  be,  is  occasion- 
ally liable  to  derangement  in  stormy  weather,  either 
through  the  fracture  of  a  steering  chain,  or  through  a 
break-down  of  the  steam  machinery.  Either  of  these 
disasters  will  cause  the  rudder  and  quadrant  tiller  to 
sway  about  in  a  dangerous  manner,  and  any  attempt  to 
connect  the  hand  gear  at  such  a  critical  moment  may 
create  another  break-down,  and  render  the  ship  helpless. 

To  prevent  the  possibility  of  such  an  evil  occurring, 
Messrs.  John  Hastie  &  Co.,  of  Greenock,  have  fitted  the 
steamers  of  some  of  the  principal  ocean  lines  with  a  very 
simple  and  efficient  **  safety  rudder  brake,"  of  their  own 
design,  the  object  of  which  is  to  control,  at  a  moment's 
notice,  the  action  of  a  rudder  when  the  steering  gear  is 
disabled,  and  hold  it  in  check  until  the  necessary  discon- 
nection is  made,  or  repairs  are  effected. 
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In  small  coasting  steamers  the  wheel  is  generally  on 
the  bridge,  and  the  captain  is  therefore  his  own  quarter- 
master ;  but,  on  the  old  Clyde  boats,  the  commander,  by 
means  of  a  sliding  rod,  hammers  his  orders  smartly 
on  the  roof  of.  the  engine-room  to  those  below,  in  the 
om,  iwo^  thru  style,  and  takes  the  helmsman  under  his 
own  immediate  care.  On  the  Thames,  however,  the 
captain  of  a  little  river  steamer  has  a  small  boy  for  his 
Ueutenant,  whose  duty  is  to  stand  at  the  open  skylight, 
and  shout  to  the  driver  of  the  machinery  the  well-known 
words,  "easa,  tobacca,  stop-a-a,"  which  appear  to  be 
quite  sufficient  for  the  purpose. 

If  we  now  go  towards  the  bow,  you  will  see,  at  the 
after  and  forward  hatches,  those  most  useful  little  engines 
called  steam  winches,  by  means  of  which  the  ship  is 
loaded  and  unloaded  with  wonderful  rapidity,  but,  like 
many  little  people  we  meet  in  life,  they  make  a  great 
clattering  in  the  performance  of  their  duties.  In  high 
class  steamers  it  is  a  pity  that  so  much  noise,  and  dirt, 
and  objectionable  steam  should  thus  be  created.  The  use 
of  grooved  frictional  gearing  —  such  as  they  have  in  a 
few  vessels — would  much  reduce  the  noise,  but  the 
wheels  are  apt  to  slip  when  wet,  or  when  lifting  heavy 
loads.  Hydraulic  apparatus  is  the  best,  but  it  is  not 
always  convenient.  Taking  one  thing  with  another, 
therefore,  we  are  generally  compelled  to  adopt  the  present 
system  of  hoisting  and  lowering  cargo ;  but,  at  the  Royal 
Albert,  and  other  new  docks,  hydraulic  wharf  cranes  are 
employed  which  perform  all  that  is  required  in  a  beauti- 
fully simple  and  expeditious  manner. 

The  last  portion  of  the  *'  Rosalind's "  mechanical 
appliances  I  shall  have  the  pleasure  of  shewing  you  is  the 
steam  windlass  and  capstan,  which  simply  run  the  anchor 
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in  by  means  of  the  powerful  engines  in  front  of  us.  They 
are  doing  so  now,  and  if  we  go  to  the  bow,  you  will  see 
it  arrive,  with  a  piece  of  Mersey  mud  attached  to  one  of 
its  flukes.  The  roaring  of  the  steam  through  the  waste 
steam  pipes  is  gradually  subsiding,  and  we  are  off  at  last. 
From  this  elevated  position  we  have  a  splendid  birdVeye 
view  of  the  vessel,  which  will  be  still  more  beautifiU  when 
under  full  sail ;  at  present,  however,  we  have  before  us  the 
masts,  spars,  the  whole  of  the  rigging,  and  the  two  black 
funnels  smoking  away,  the  bridge,  with  the  officers  and 
pilot  on  it,  in  short,  everything  great  and  small  that  con- 
stitutes a  well-found  and  highly  finished  ocean  liner. 

The  docks  are  passed,  one  after  the  other,  as  also  is 
the  Rock  lighthouse.  Under  easy  steam  we  reach  the 
bar,  and  then  putting  on  full  speed,  a  course  is  taken 
which  will  include  a  run  of  twenty  miles  or  so  down  the 
coast. 

While  all  this  is  going  on,  the  utmost  attention  is 
being  paid  to  everything  in  the  engine  and  boiler  depart- 
ments. The  furnaces  are  carefully  fired,  and  steam 
pressures  noted,  all  the  bearings  are  watched,  well  lubri- 
cated, and  cooled  if  necessary.  '<  Indicator  cards  "  are 
taken,  which  record  the  highest,  intermediate,  and  lowest 
pressures  of  steam  in  the  cylinders,  and  vacuum  in 
condenser,  the  number  of  revolutions  of  the  engines  per 
minute  is  also  carefully  observed,  and  from  all  these,  the 
indicated  horse-power  is  calculated.  The  speed  of  the 
ship  is  registered  from  time  to  time,  in  short,  there  is 
nothing  that  great  experience  can  suggest  or  avoid,  which 
is  not  acted  upon  so  as  to  insure  a  successful  official  trial 
trip.  The  vacuum  will  be  about  *'  26  inches  of  mercmy,'' 
which  is  equal  to  thirteen  pounds  pressure  on  piston. 
May  we  ask  why  such  a  misleading  term  is  still  in  use, 
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when  we  only  wish  to  know  the  pressure.  To  tell  anyone 
that  this  is  equal  to  so  many  inches  of  mercury,  is  worse 
than  giving  a  price  per  ton  when  the  cost  per  hundred- 
weight is  desired,  and,  therefore,  a  real  improvement  may 
here  be  easily  introduced. 

Mr.  Bouverie,  Mr.  Macdonald,  and  Mr.  Cameron  are 
everywhere^  but  neither  the  superintending  engineer  for  the 
owners,  nor  his  lieutenant,  will  give  any  word  of  com- 
mand, as  it  would  not  be  etiquette  to  do  so.  The  ship  is 
still  in  the  hands  of  the  builders;  the  others  are  merely 
visitors,  though,  of  course,  interested  ones.  At  the  same 
time,  however,  Mr.  Bouverie  will  not  neglect  any  Uttle 
mild  proposal  in  the  ''  Don't  you  think  ? "  style  the 
superintendent  or  his  ''chief"  may  make.  He  must  be 
more  than  mortal  if  he  did  so,  and  we  may  also  add  that 
one  of  the  characteristics  of  an  accomplished  engineer,  is 
that  he  will  never  despise  good  professional  advice,  no 
matter  how  humble  the  person  may  be  who  gives  it. 

There  is  another  scene  of  activity  to  which  I  must 
refer^  and  that  is  the  grand  saloon  amidships,  where  the 
upper  ten  of  the  ship's  company,  and  also  the  visitors, 
are  now  having  lunch.  This  most  handsome  apartment 
is  in  the  very  waist  of  the  vessel,  where  pitching  motion 
is  least  felt,  where  the  greatest  breadth  exists,  and  where 
everything  that  can  minister  to  the  comfort  and  luxury  of 
the  future  passengers  is  utilised  to  the  utmost.  The 
saloon  extends  the  full  width  of  the  ship,  and  is  amply 
lighted  and  ventilated  by  the  spacious  side  ports  and 
skylight^  and  also  in  the  evening  with  electric  lamps. 
At  one  end  stands  a  piano,  and,  at  the  other,  a  handsome 
library.  In  some  liners,  however,  a  separate  and  most 
elegantly  decorated  **  music-room  "  is  provided.  In  addi- 
tion to  this,  the  ladies  have  their  own  boudoir,  and  the 
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gentlemen  a  smoking-room.  A  modem  steamship  thus 
becomes  a  floating  hotel,  and,  on  a  long  voyage,  such  as 
to  Valparaiso  or  Melbourne,  presents  a  very  striking  con- 
trast indeed  to  sailing  ships. 

If  you  could  now  take  a  glance  at  the  "  Rosalind's  ** 
saloon,  you  would  have  before  you  a  scene  where  happi- 
ness, and  good  humour  prevailed.  The  representatives  of 
the  owners  are  very  glad  to  find  the  ship  all  they  wished. 
Mr.  Macdonald  is  brim  full  of  enjoyment,  because  he  has 
in  his  own  way  helped  to  bring  this  about.  The  builders 
and  engineers  are  serenely  contented  with  the  perform- 
ance of  the  vessel,  because  it  proves  that  all  their  calcu- 
lations regarding  her  speed,  power  of  engines^  size  of 
boilers,  and  diameter  and  pitch  of  propeller  have  been 
correct. 

The  ladies  must,  however,  excuse  me  for  not  mention- 
ing them  sooner.  This  I  regret,  but  the  truth  is  that, 
although  first  in  social  rank,  they  are  last  in  offi/M 
position ;  but  if  we  had  been  out  in  any  other  way^  or 
in  any  other  steamer,  they  woiUd  most  certainly  have  had 
the  preference.  Our  fair  companions  are  delighted  with 
everything  and  everybody,  and  after  a  few  speeches  have 
been  made,  somewhat  in  the  mutual  laudation  style,  the 
company  separate,  and  preparations  are  made  for  running 
the  "  measured  mile." 

Two  tall  posts,  exactly  this  distance  apart,  are  per- 
manently fixed  on  the  beach  in  a  suitable  locality,  and 
some  distance  inland  other  two  are  placed  at  right  angles 
to  a  line  drawn  between  the  first  two  posts.  Now,  if 
those  on  the  deck  of  a  ship  running  the  mile  note  the 
exact  moment  the  first  pair  are  in  line,  and  drive  the 
vessel  to  her  utmost  until  the  next  pair  are  similarly 
sighted,  they  will  then  know,  from  the  time  occupied  in 


CHAP.  XIX,         AND  SOCIALLY  CONSIDERED.  301 

doing  so»  and  with  the  help  of  a  little  calculation,  what 
her  speed  has  been.  This,  however,  is  not  enough, 
because  they  may  have  been  going  either  with  or  against 
the  wind  or  tide,  and  with  only  one  run  a  false  impression 
would  have  arisen.  To  prevent  the  possibility  of  such  an 
error,  several  trips  are  taken  each  way,  the  nuan  of  which 
gives  the  true  result,  and  thus  the  official  trial  is  declared 
satisfactory  or  otherwise. 

The  Clyde  is  a  favoured  place  for  trial  trips,  as  they 
are  generally  made  between  the  Cloch  and  Cumbrae 
lighthouses, — a  distance  of  sixteen  miles, — ^which  gives  a 
more  correct  idea  of  a  ship's  capabilities  than  the  forced 
run  of  one  mile  on  the  Gareloch. 

What  the  stethoscope  is  to  the  physician,  so  is  the 
"indicator"  to  the  engineer,  as  this  most  useful  instru- 
ment enables  those  in  charge  of  engines  to  ascertain  with 
considerable  accuracy  what  is  going  on  inside,  that  is  to 
say,  what  the  varying  pressure  of  steam  in  the  cylinders 
amounts  to  in  pounds  per  square  inch  at  each  part  of  the 
piston's  stroke,  and  whether  the  slide  or  other  valves  are 
efficiently  working.  The  vacuum  in  the  condenser  is  also 
Eaithfully  recorded,  and  thus  full  information  is  given  on 
vital  points  which  could  not  otherwise  be  obtained,  and 
the  method  adopted  to  accomplish  this  consists  simply  in 
attaching  a  piece  of  paper  or  *'  card  "  to  the  indicator  in 
such  a  way  as  to  enable  it  to  trace  a  curvilinear  diagram 
upon  it.  By  means  of  ordinates  drawn  across  this  dia- 
gram»  which  are  measured  by  scale  and  taken  in 
connection  with  other  particulars  already  mentioned,  the 
indicated  horse  power  of  each  engine  is  ascertained. 

And  now,  the  *'  Rosalind's  "  official  trial  is  over.  The 
Indicator  diagrams  are  all  that  could  be  desired,  and 
declare  a  total  horse  power  of  6,441,  whereas  the  contract 
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only  allowed  for  6,000.  On  the  other  hand,  the  average 
result  of  several  runs  gives  a  speed  of  17  knots,  instead 
of  16},  as  originally  specified.  Those  concerned  may 
therefore  congratulate  themselves  upon  having  obtained 
such  very  satisfactory  results.  All  that  now  remains  to 
be  done  is  to  head  for  the  anchorage,  and,  if  the  river  is 
clear  of  ships,  won't  they  just  enter  the  port  of  Liverpool 
for  the  first  time  in  grand  style,  as  Laird's  Peruvian  iron* 
dad  '*  Huascar  *'  did  when  her  trial  was  over ;  and,  upon 
my  word !  won't  the  visitors  at  New  Brighton  make  a 
rush  to  the  end  of  the  pier  to  see  her  come  in,  and  com- 
ment upon  and  admire  the  magnificent  vessel  which  is 
now  passing  them.  I  well  know  how  the  thing  is  done, 
and  can  almost  fancy  I  have  the  scene  before  me. 

The  moorings  are  reached ;  the  temporarily  cat-headed 
anchor  is  down  again  deep  in  Mersey  mud ;  the  '<  select 
party  "  are  landed  in  the  tender,  and  everyone  goes  home 
delighted  with  the  day's  proceedings. 

Trial  trips  are  not  always  successful;  indeed  some 
have  led  to  expensive  litigation,  and  others  to  great  dis- 
appointment. That  of  H.M.S.  '*  Iris  "  was  of  the  latter 
description,  since  they  could  only  get  a  16}  knot  speed  at 
first,  but,  after  giving  her  new  propellers  two  feet  less  in 
diameter,  and  two  feet  more  in  pitch,  the  desired  velocity 
of  18^  was  obtained,  with  almost  exactly  the  same  engine 
power. 

When  I  was  on  the  sta£f  in  Tod  and  McGregor's 
we  built  a  fine  little  twin-screw  steamer  for  Dr.  Living- 
stone's use,  named  the  *'  Lady  Nyassa,"  but,  when  she 
started  on  her  first  trip  down  the  river,  it  was  discovered 
that,  although  the  engines  were  all  right,  the  vessel  would 
not  go  at  the  proper  speed.  This  was  very  annojdng  and 
inexplicable, — ^the  first  mistake  apparently  of  the  kind  the 
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firm  had  ever  made.  Upon  returning  however,  a  careful 
examination  of  her  hull  in  dock  disclosed  the  fact  that 
one  of  the  launching  ways  had  stuck  to  her  bottom. 
When  this  was  removed  the  ship  did  all  that  was  required, 
and  the  speed  contracted  for  was  realised. 

The  admiral  of  a  fleet  has  now  such  an  effective  system 
of  signalling  as  would  enable  him  to  convey  his  innumer- 
able commands  to  the  other  ships  of  his  squadron  with 
almost  mathematical  exactness.  The  signal-staff  on  board 
the  flagship  consists  of  about  twenty  persons,  divided 
into  three  watches,  who  keep  a  vigilant  look-out,  by  night 
and  by  day,  on  every  vessel  in  the  squadron.  On  being 
commissioned,  every  ship  is  provided  with  a  '*  General 
Signal  Book,"  ''  Vocabulary  Book,"  and  a  **  Semaphore." 
For  use  at  night,  a  flashing  lamp,  and  an  electric 
apparatus,  are  supplied;  and  by  an  ingenious  arrange- 
ment any  of  the  signals  contained  in  the  books  can  be 
made  during  foggy  weather  by  means  of  a  steam  whistle 
or  foghorn. 

The  instructions  contained  in  the  General  Signal 
Book  are  varied  and  comprehensive,  and  contain  upwards 
of  a  thousand  separate  signals,  adapted  to  every  probable 
change  of  circumstances  in  times  of  peace  or  war.  The 
Vocabulary  Signal  Book  is  a  sort  of  dictionary,  and  con- 
tains signals  of  a  more  homely  and  social  character,  such 
as  "  Admiral  intends,"  "  Admiral  desires,"  and  also  the 
happy  announcement,  *'  Admiral  requests  the  pleasure  of 
your  company  to  dinner." 

This  system  so  nearly  approaches  perfection  that  the 
Board  of  Trade  have  adopted  it  as  a  basis  for  the  Inter- 
national code  of  signals,  which  is  now  used  by  nearly  all 
the  maritime  countries  of  the  world,  so  that  ships  of 
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every  nation  may  easily  converse  with  each  other  on  the 
open  sea,  and  at  long  distances.  For  general  purposes, 
eighteen  flags  and  a  copy  of  the  Code  are  required,  and 
the  combinations  which  are  possible  with  these  flags 
amount  to  the  extraordinary  number  of  78,642,  using  two, 
three,  and  four  flags  at  one  hoist.  We  remember  the 
time  when  the  captain  of  one  ship,  wishing  to  *'  speak  "  to 
another,  ran  his  own  vessel  close  up  to  the  stranger,  and 
then,  holding  on  to  the  lee  or  weather  rigging  with  one 
hand,  and  supporting  the  "trumpet"  with  the  other, 
bellowed  forth  the  questions,  <' Where  from?"  and 
"  Where  bound  to  ?  "  "  What  latitude  and  longitude  ?  " 
and  perhaps  the  awful  statement,  '<We  are  starving; 
send — beef,  and — biscuits." 

The  latitude  and  longitude  were  given  in  great  chalk 
figures  on  a  black  board,  but  the  other  questions  and 
answers  were  very  indistinctly  heard  in  many  instances. 
On  the  voyage  home  we  spoke  several  ships  in  this 
manner.  One  magnificent,  calm,  moonlight  night  in  the 
tropics,  a  vessel  was  sighted  all  at  once  on  our  starboard 
bow,  which,  curiously  enough,  no  one  saw  at  sunset  just 
a  short  time  before.  Our  captain  shouted  out,  among 
other  things,  '*  Send  a  boat,"  but  the  visitor,  who  had 
backed  her  sails  for  the  time,  immediately  braced  her 
yards  round,  and  was  off  again. 

The  signal  system  we  have  briefly  described  has 
abolished  this  most  inefficient  arrangement,  and  the 
necessity  of  doing  so  will  be  at  once  apparent,  when  two 
ships  running  in  opposite  directions  at  twenty  miles  an 
hour,  may  sight  each  other  three  miles  off,  and  perhaps 
collide  in  four  and  a  half  minutes. 

The  bunting  of  which  flags  are  made  is  of  the  best 
wool,  and  although  flimsy  looking  and  open  in  texture  to 
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o£kr  as  little  resistance  to  the  wind  as  possible,  it  is 
nevertheless  tough  and  strong.  An  ensign  may  not  quite 
withstand  the  breezes  of  a  thousand  years,  but  it  is  amply 
capable  of  long  and  trying  service.  With  the  price  of  the 
material  at  8d.  a  yard,  z8  inches  wide,  an  English  flag,  of 
the  best  quality,  Z2  feet  by  6  feet,  will  cost  about  14s., 
and  a  blue  peter,  7  feet  by  5  feet,  about  5s.  gd. 

The  Cunard  captains  have  been  so  long  before  the 
world,  that  their  names  have  almost  become  household 
words  on  both  sides  of  the  Atlantic,  and  this  is  not  to  be 
wondered  at  when  we  consider  the  immense  number  of 
passengers  who  have  sailed  with  them  during  a  long 
series  of  years.  There  have  been  numerous  portraits 
from  pen  and  pencil,  of  well-known  commanders  in 
various  Atlantic  Companies,  a  few  of  whom  may  here  be 
referred  to.  It  is  by  no  means  unusual  for  intending 
passengers  to  call  at  the  Cunard  office  and  ask,  "  What 
captain  sails  on  Tuesday  ?  " 

"  Captain  Blanque,  ma'am." 

'*  What  1  that  horrid  man  ?  Catch  me  sail  with  him 
again !  ** 

Who  leaves  on  Saturday  ? " 
Captain  Dashe." 

'*  Ah  I  he's  a  nice  fellow ;  I'll  wait,  and  go  in  his  ship.*' 

There  are  natural  reasons  for  this.  The  Atlantic  com* 
manders  are  not  all  alike  in  social  qualities.  Some  are 
reserved  and  blunt,  or,  at  least,  have  been;  while  a  few« 
in  various  ways,  combine  the  art  of  pleasing  with  the 
highest  professional  attainments.  Perhaps  the  most 
celebrated  of  them  all,  at  one  time,  was  Captain  Judkins, 
who,  although  highly  esteemed  by  the  Company,  was  not 
admired  by  passengers  in  general,  l)ecause  he  possessed 
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an  amount  of  bluff  straightforwardness  which  his  pro* 
found  knowledge  of  ocean  navigation  does  not  appear  to 
have  subdued.  Many  stories  are  told  of  him  in  illustra* 
tion  of  this,  including  the  following. 

On  one  occasion,  the  "  Scotia  "  was  carrying  on  full 
speed,  tearing  through  and  over  everjrthing  on  her  way  to 
New  York,  in  a  mist.  The  commander  was  leaning  over 
the  side,  anxiously  looking  out  for  the  banks  of  New- 
foundland, when  a  lady  ventured  to  say  to  him — 

<*  Oh  1  captain,  do  tell  me,  is  it  always  as  fc^gy  and 
nasty  at  this  place  7  " 

"  How  the  devil  do  I  know,  madam  ?  I  don't  live 
here  I "  was  the  disappointing  answer. 

Captain  McMickan,  of  the  "  Umbria,"  or  the  •'  social 
captain,"  as  he  is  called,  is  a  great  favourite,  because  he 
is  brimfiU  of  stories  of  the  ocean,  tales  of  the  sea — of  fire 
and  flood—of  storm  and  tempest,  on  the  element  which 
through  life-long  associations  has  become  almost  a  part  of 
himself.  The  *'  Umbria's "  chief  may  at  times  be  found 
with  some  of  the  passengers  in  his  private  saloon,  for 
whose  benefit  he  fires  off  enthusiastically  some  of  the 
aforesaid  tales,  and  if  anything  can  exceed  his  delight  in 
doing  so,  it  is  the  pleasure  of  listening  to  the  general 
conversation  of  those  around  him. 

The  commanders  and  officers  of  the  ships  of  the  differ- 
ent Companies  are  variously  gifted,  and  esteemed  by 
those  who  sail  with  them  in  a  greater  or  lesser  degree, 
according  to  circumstances;  but  whatever  their  social 
qualities  may  be,  their  professional  attainments  are  of 
such  a  high  order  as  to  command  universal  admiration 
and  confidence.  There  are  people  of  both  sexes  con- 
stantly travelling  by  these  liners  who  no  doubt  sometimes 
expect  too  much  from  those  occupying  such  important 
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official  positions.     A  little  consideration,  however,  will 
shew  the  true  state  of  afiairs. 

In  the  first  place,  these  modern  floating  palaces  cost, 
say,  from  ;^2oo,ooo  to  ;^35o,ooo  for  hull  and  machinery 
alone ;  they  are  driven  across  the  great  highway  between 
two  worlds  at  a  speed  of  eighteen  to  about  twenty-one 
miles  an  hour,  through  storm  and  fog,  iceberg  and  ice- 
field, and  occasionally  run  the  risk  of  annihilating  some 
vessel,  as  the  ^  Oregon  *'  did.  What  with  the  ship  her- 
self, her  cargo,  and  crowds  of  passengers,  the  prestige  of 
the  Company,  and  his  own  reputation  as  a  skilful  navi- 
gator, the  captain  of  a  great  ocean  liner  has  immense 
responsibilities,  and,  when  on  active  duty,  has  his  mind 
so  intensely  preoccupied  that  he  is  seldom  inclined  to  be 
disturbed  in  his  thoughts,  and  this,  we  fancy,  is  the  chief 
reason  why  some  commanders  are  so  unsocial,  and  per* 
haps  at  times  discourteous,  when  they  are  expected  to  be 
otherwise.  The  junior  officers  have  their  own  share  of 
responsibility,  and  if  they,  too,  did  not  exercise  sound 
judgment  and  extreme  carefulness  when  on  duty,  we 
should  hear  of  many  appalling  calamities  on  the  Atlantic 
station,  for  the  reasons  just  given. 

The  engineers,  whose  efforts  greatly  conduce  to  the 
successful  working  of  steamships,  much  resemble — ^in 
mind  and  manner — the  navigating  officers  with  whom 
they  are  so  closely  allied.  As  a  class  they  are  extremely 
varied.  Some  are  highly  accomplished — others  not  so. 
Some  are  most  courteous  and  affable — others  the  reverse, 
which,  however,  may  occasionally  be  owing  to  some 
annoyance  hanging  on  their  minds  that  cannot  easily  be 
dispelled.  And  while  many  of  them  are  students  of 
general  literature,  there  are  a  few  who  would  hardly  read 
a  gift  book  of  any  kind.    In  short,  there  is  to  be  found 
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amongst  those  who  direct  the  steam  department  of  ocean 
liners,  an  extremely  diversified  set  of  men,  whose  constant 
aim  is  to  perform  their  duties  faultlessly  and  happily. 
Those  duties  are  responsible  and  arduous.  When  a  ship 
is  at  sea,  the  whole  of  the  management  of  the  steam 
department,  for  weal  or  for  woe,  devolves  upon  the  engine 
room  staff,  and  when  the  vessel  comes  off  a  voyage,  the 
engines,  boilers,  driving  gear  of  all  kinds,  and  connec- 
tions throughout  the  ship,  are  carefully  examined  and  put 
in  the  best  condition  for  continuous  working  during  the 
next  trip. 

Socially  speaking,  the  gentlemen  I  am  referring  to 
possess  a  marked  and  very  creditable  peculiarity  of  their 
own.  They  frankly  say  what  they  mean,  and  mean  what 
they  say,  without  any  of  the  sophistry  so  frequently  to  be 
found  amongst  those  in  other  pursuits.  I  have,  however, 
been  much  disappointed  with  many  of  them — ^pleasantly 
so,  it  may  be  added.  This  book  was  originally  written 
with  the  object  of  benefiting  all  classes  tm  skor$,  and  as  I 
did  not  then  think  that  sea-going  engineers  read  much  of 
a  non-technical  character,  I  naturally  concluded  that  my 
treatise  would  not  quite  suit  them.  I  have  since  dis- 
covered, however,  that  none  could  have  appreciated  its 
contents  more  fully  than  they  did,  as  I  have  had  very 
many  opportunities  of  knowing.  For  this  I  sincerely 
thank  them,  and  hope  that  the  present  edition  will  prove 
still  more  acceptable  to  my  professional  brethren  at  home 
and  abroad,  who  run  their  ships  across  the  seas,  and 
throughout  the  world. 

When  you  wish  to  see  a  mail  steamer  to  perfection, 
never  unconsciously  hurt  the  feelings  of  your  engineering 
friends  by  asking  them  to  take  you  over  one  of  their  pets 
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whilst  in  a  state  of  semi-undress.  That  is,  when  the 
carpets  are  up,  the  handsome  cushions  turned  over,  the 
berths  dishevelled,  and  everything  in  disorder.  We  all 
like  to  put  our  best  feet  foremost,  and  would  never  permit 
anyone  to  form  erroneous  opinions  of  our  floating  beauties 
if  we  can  in  any  way  avoid  it. 

If  3rou  will  therefore  allow  me  the  honour  of  being 
your  conductor,  I  shall  endeavour  to  show  you  a  splendid 
ship  in  full  costume,  and  just  on  the  point  of  sailing. 
Before  this  can  be  done,  however,  we  must  obtain  a  card 
from  the  office  of  the  Company  for  permission  to  go  on 
board  the  S.S.  *'  Rosalind  '*  which  is  again  in  the  river, 
but  on  this  occasion  with  a  full  cargo,  which  has  sunk  her 
quite  deep  enough  in  the  water  to  give  her  a  good  appear- 
ance. The  card  which  is  kindly  given  to  us,  states  that 
**  Mr.  Dashe  and  party  of  three,  are  to  go  out  with  the 
Tender  which  leaves  the  landing  stage  at  noon  with  the 
first  class  passengers  and  mails,  and  receive  the  usual 
courtesies  from  the  officer  in  charge." 

Upon  reaching  the  '*  Satellite  "  steamer,  we  find  our- 
selves amongst  many  people  of  various  nationalities,  the 
letter  bags,  and  heaps  of  passengers*  luggage.  There 
lies  our  vessel,  a  thing  of  beauty,  fresh  and  clean  from 
stem  to  stem.  The  steam  is  again  blowing  ofi*  at  the 
funnels,  the  blue  peter  is  flying  at  the  fore,  the  house  flag 
from  the  main,  the  *'  Royal  Mail "  flag— red  letters  on  a 
white  ground — at  the  mizzen,  and  the  ensign  floats  grace* 
fully  over  the  stem ;  but  here  we  must  disclose  the  name 
of  her  owners,  and  also  her  destination,  which  have 
hitherto  been  kept  secret,  but  not  for  State  reasons. 

From  the  character  of  the  Cunard  Company's  latest 
acquisitions  in  the  mercantile  marine,  it  is  very  evident 
that  the  "  Rosalind  "  will  not  suit  them,  because^  nothing 
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under  10,000  tons  and  20,000  horse  power  now  appears  to 
be  acceptable.  Our  new  ship  will  certainly  not  do  at  all 
for  the  White  Star  people,  because  their  own  vessels  are 
so  exactly  suited  to  their  requirements  that  it  would  be 
almost  impossible  to  induce  them  to  try  any  others, 
unless,  indeed,  of  the  most  gigantic  size. 

In  the  next  place,  the  National  Company  would  not 
have  her  at  any  price,  because  their's  are  all  Atlantic 
liners,  whereas  the  "Rosalind"  would  do  better  as  a 
Pacific  cruiser,  or  an  Australian  mail  steamer.  She 
might,  however,  with  considerable  internal  alterations,  be 
greatly  prized  by  the  public  if  handed  over  to  the  Inman 
and  International  Company,  but  even  in  this  case,  she 
would  be  much  too  small  for  them.  The  Orient  people 
would  be  delighted  to  have  her,  and  we  are  sure  of  this  on 
account  of  our  intimate  acquaintance  with  many  of  their 
present  ships  in  past  years.  The  owners  of  them,  how- 
ever, are  located  in  London,  whereas  those  of  the  "  Rosa- 
lind "  are  in  Liverpool. 

After  she  has  got  her  name  "  well  up  *'  on  the  ocean, 
I  fancy  Messrs.  F.  Green  &  Co.,  or  Anderson,  Ander- 
son &  Co.,  will  carefully  consider  her  capabilities,  and 
ultimately  make  her  their  own,  for  the  purpose  of  running 
the  letter  bags  to  Melbourne  and  Sydney.  For  the 
present,  however,  we  have  much  pleasure  in  handing  the 
ship  over  to  the  Pacific  Steam  Navigation  Company — 
whose  initials  you  will  find  in  each  of  the  four  corners  of 
her  house  flag — ^and  start  her  at  once  for  Valparaiso.  It 
is  most  probable  that  some  handsome  Chilian  or  Peruvian 
name  has  been  given  to  her  in  place  of  the  one  she  has 
hitherto  possessed,  but  to  me  she  has  been,  and  ever  will 
be,  the  "  Rosalind." 

Aftev  walking  the  plank — or  rather  the  gangway — ^we 
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find  ourselves  on  deck  surrounded  by  numerous  passen- 
gers who  have  previously  arrived.  The  Company's  repre- 
sentatives are  on  board,  and  so  also  is  Mr.  Macdonald, 
who  is  busily  engaged  looking  after  things  in  the  engine 
department — ^where  Mr.  Cameron  is  now  the  presiding 
deity — and  aU  the  rest  of  the  staff  are  at  their  posts.  The 
captain  and  officers  of  the  ship  are  also  at  their's,  and  the 
pilot  is  amongst  them  for  the  purpose  of  taking  her  to 
Bordeaux,  and  returning,  as  usual,  with  the  owners'  next 
inward  bound  steamer. 

We  gaze  admiringly  at  the  deck,  so  beautifully  clean 
and  white — at  the  steam  winches  now  so  silent — at  the 
boats  and  their  attachments — and  mentally  note  the  ex- 
quisite order  which  prevails  around  us,  as  well  as  in  all 
the  gear  and  tackle  above  us.  After  looking  at  everything 
and  everybody  in  the  upper  regions,  we  descend  to  the 
saloon,  which  is  in  a  state  of  bustle  and  excitement. 
Friends  and  relations  are  sajdng  their  last  few  words  to 
those  now  on  the  verge  of  an  8,795  ^^^^  voyage.  Hat 
boxes  and  band  boxes,  sticks,  umbrellas  and  parasols 
bimdled  up  together,  along  with  cloaks,  shawls,  and 
mantles,  and  heterogeneous  collections  of  small  gear,  are 
l3mig  on  the  tables,  on  the  floor,  on  the  seats,  and  in  the 
sleeping  berths. 

What  a  spacious,  elegantly  decorated,  and  luxuriously 
furnished  saloon  this  is  to  be  sure  !  And-how  charmingly 
the  carpets,  the  floors,  the  walls,  and  the  ceilings, 
harmonize  with  each  other. 

"  Lovely,  is'nt  it.  Miss  Oliver  ? " 

•«  What  exquisite  flowers,  too,  they  have  overhead  in 
the  hanging  garden,  pensile  paradise  sort  of  style ! " 

*•  Babylonish  idea  !  did  you  say,  Miss  Rhineveldt  ? " 

"  Quite  so.    The  Queen  of  Babylon  certainly  origin- 
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ated  ity  and  it  is  equally  certain,  that  if  we  cannot  create 
ideas  for  ourselves,  we  are  glad  enough  to  utilize  those  of 
other  people — ^however  ancient  they  may  be — ^so  long  as 
they  are  good.  The  state  rooms,  music  room,  ladies*  room, 
and  other  apartments  you  see,  are  all  that  could  be 
desired  for  comfort,  compactness  in  detail,  and  tastefiil- 
ness  in  every  particular.  Heating,  ventilation,  electric 
lighting  throughout  the  ship,  bathroom  accommodation, 
sleeping  berths,  and  everything  else  that  can  make  this 
vessel  a  floating  palace  has  also  been  carefully  attended 
to.'* 

As  we  cannot  now  ask  for  the  passenger  list,  let  us 
have  a  look  at  the  names  on  the  luggage  which  is  lying 
around  us. 

Ah  I  here  is  our  old  friend,  *'John  Smith,  Esq.,'* 
bound  for  Valparaiso.  When  he  gets  to  his  Chilian  home, 
he  will  be  known  as  '<  Mr.  Smith  of  London." 

*'  The  Macnab."  I  wonder  where  the  oHuf  Macnab  is  ? 

*'  Miss  Emily  Vandeleur."  Now  what  can  be  taking 
her  so  far  away  from  home  ? 

"  To  change  her  name  perhaps." 

Very  likely,  but  she  will  never  have  a  better  one. 

''The  Marquis  of  Toddiemains  1 "  Dear  me,  how 
amusing  I  His  father  was  a  director  of  the  famous  Glen- 
mutchkin  railway,  twelve  miles  long,  six  of  which  were 
to  have  been  through  tunnels. 

**  Baroness  Schlippen  Schloppen,"  and  "  Count  Peri- 
winkoliski."  It  is  very  evident  that  he  is  not  of  much 
account,  or  he  would'nt  write  his  name  in  such  a  scribbly 
style  for  people  to  gaze  at. 

Well  I  wellSll  well  111  Upon  my  word  I  this  is  too  much. 
Who  would  have  thought  of  finding  my  charming  Italian 
friend  Angeletta  Fourdrinier  amongst  the  outward  bound? 
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'*  Excuse  me,  ladies,  but  I  must  see  her  before  she  sails — 
Steward,  where  is  Miss  Fourdrin —  ? " 

At  this  very  moment  we  all  heard  a  furious  bell  ring- 
ing outside,  and  also  the  harsh  and  most  unwelcome  voice 
of  someone  inside,  asking  if  there  were — *'  Any  here  for 
the  shore  ? — Tender  just  going  oflf." 

We  rushed  on  deck  at  once,  and,  threading  our  way 
amidst  groups  of  passengers,  and  others  connected  with 
the  ship,  reached  the  gangway  just  as  they  had  hauled 
it  in.  We  sprang,  however,  to  the  top  of  the  "  Satellite's  " 
paddle  box,  and  the  hawser  was  at  once  cast  off.  The 
'*  Rosalind's "  anchor  appears  above  water  with  the  last 
piece  of  old  England  it  will  touch  for  some  months  to 
come  adhering  to  a  fluke.  The  tender  falls  off  a  little, 
and  as  she  does  so,  the  passengers  crowd  the  side  of  the 
ship  to  have  a  last  view  of  us,  and  amongst  them  is 
Angeletta,  joyously  waving  her  handkerchief  to  me,  and 
looking  positively  radiant  I 

The  moment  of  departure  has  arrived,  and  just  as  the 
"peter"  disappears  from  the  masthead,  and  the  hand- 
some Chilian  flag  takes  its  place,  the  screw  begins  to 
revolve,  slowly  at  first,  but  gradually  faster,  and  the  noble 
ship  moves  off  on  her  first  voyage,  amidst  cheers  and 
waving  of  hats  and  handkerchiefs,  and  perhaps  tears  from 
those  who  have  parted  with  relatives  and  friends — it  may 
be  for  years, — it  may  be  for  ever.  To  her,  and  all  on 
board,  we,  too,  say — good-bye  I  good-bye  I 

Although  this  closing  scene  refers  to  the  Mersey,  it  is 
equally  applicable  to  Southampton,  Plymouth,  &c.,  and 
also  to  the  ships  of  the  Peninsular  and  Oriental,  the 
Orient,  and  other  mail  lines.  A  slight  modification  how- 
ever, is  necessary  in  the  case  of  the  P.  &  O.  steamers, 
whose  passengers  largely  consist  of  military  officers  of  all 
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ranks  with  their  wives,  Governor-Generals  and  civil 
service  o£Bcials,  attended  by  their  ladies,  and  occasionally, 
perhaps,  a  sprinkling  of  Oriental  potentates,  such  for 
instance,  as  the  Rajah  of  Travancore,  the  Sultan  of 
Zanzibar,  the  Nizam  of  Hyderabad,  and  all  the  rest  of 
them — without  their  wives. 

Another  most  interesting  time  to  visit  a  mail  steamer 
is  the  day  before  sailing,  during  the  drill  and  inspection  of 
officers  and  men,  and  also  women,  whose  total  number 
may  range  from  150  to  about  300.  In  the  Indian  liners, 
this  performance  —  previously  described — ^is  made  pic- 
turesquely attractive,  owing  to  the  presence  of  so  many 
Hindoo  attendants  and  Lascars  in  full  native  costume. 

The  passenger  traffic  from  the  Mersey  nas  now  attained 
colossal  dimensions,  and  during  the  season  some  of  the 
Atlantic  steamers  have  carried  at  least  1,400  people  at 
one  time.  Accommodation  for  1,800  is  provided  in  each 
of  the  new  vessels,  "City  of  New  York"  and  "City  of 
Paris ; "  and  the  S.S.  "  Umbria  "  and  "  Etruria  "  have 
frequently  carried  upwards  of  600  saloon  passengers  each 
during  one  trip. 

The  Atlantic  voyage  is  not  deficient  in  amusingly 
interesting  and  sometimes  tragic  events.  For  wit, 
humour,  and  romantic  incidents  of  various  kinds,  how- 
ever, nothing  can  exceed  what  is  so  often  to  be  found 
amongst  the  upper  strata  of  society  when  out  upon  the 
ocean  sailing  in  one  of  those  magnificent  long  voyage 
ships  I  have  delightedly  referred  to. 

And  now,  having  taken  my  kind  reader  through  the 
cycle  of  operations  from  first  to  last  which  relate  to  the 
building  of  steamships,  it  only  remains  for  me  to  say  that 
a  very  great  deal  more  might  have  been  added,  had  it  not 
been  for  a  desire  to  keep  this  book  in  a  somewhat  com- 
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pact  and  readable  form.  What  has  been  said  will  perhaps 
be  sufficient  for  the  purpose,  and  however  incomplete  it 
may  be  in  many  respects,  it  will  still  represent,  from 
the  author's  own  experience,  the  inner  life  of  first-class 
shipbuilding  and  engineering  establishments  when  actively 
employed. 

Let  me,  therefore,  in  conclusion,  bring  together,  for 
the  last  time,  my  good  friends,  Mr.  Bouverie  and  Mr. 
Macdonald,  to  express  to  them  the  great  pleasure  I 
have  had  in  their  society,  and  also  the  hope  that  long 
life,  health,  happiness,  and  prosperity,  may  be  theirs,  and 
to  say — Farewell ! 


u 
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CHAPTER   XX. 

"  breakdowns/'  and  mysterious  losses  at  sea. 


Meaning  of  the  Term — ^Their  Causes — Experience  gained  by  them — Great 
Safety  of  Railway  trayelling — Protective  System  in  Cnnard  Ships — 
S.S.  "  Atlas  "  on  Fire— Drill  in  Mail  Steamen— Original  Advertise- 
ment of  "President'*  and  "British  Queen"— New  Captain  of 
"  President  '* — Departure  on  Last  Voyage — ^The  Storm — ^Arrival  of 
"  British  Queen  " — The  Missing  Ship— Theories  concerning  the  Lost 
Ship— Disappearances  of  S.S.  "City  of  Glasgow "—"  Pacific **— 
"  City  of  Boston." 

Having  put  the  "Rosalind"  on  her  station,  we  now 
propose  to  make  a  few  observations  concerning  the 
dangers  she,  or  indeed  any  other  steam  vessel,  will  be 
exposed  to  at  sea,  and  also  to  extend  our  remarks  to  the 
subject  of  accidents  and  disasters  on  land,  so  far  at  least 
as  engineering  is  concerned. 

When  people  read  in  the  evening  papers  that  the 
"top  floor  of  Messrs.  So-and-so's  mill  has  given  way,'* 
they  may  discover  next  day  that  this  simple  phrase  means 
that  through  the  failure  of  a  column,  or  girder,  not  only 
the  top  floor,  but  all  the  others  as  well,  containing  ma- 
chinery, have  fallen  in,  killing  perhaps  twenty  or  thirty 
people,  and  reducing  the  whole  inside  of  the  building  to  a 
mass  of  ruins.  When  these  same  individuals  learn  at 
another  time  that  "  the  engines  of  the  S.S.  '  Messalina ' 
have  hfokem^  d(mm^''  some  of  them  may  naturally  enough 
conclude  that  there  has  been  a  general  smash-up  of 
everything;  that,  in  fact,  her  cylinders  had  burst,  con- 
necting rods  doubled  up,  condenser  crushed  to  atoms, 
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bed-plate  fractured  in  several  places,  and  the  whole  of  the 
machinery  lying  like  a  heap  of  rubbish  on  the  floor*  the 
only  redeeming  feature  being  that  it  had  not  gone  through 
the  bottom  of  the  ship  and  sunk  her. 

Such  people  may  hardly  believe  that  the  same  words 
occasionally  mean  something  of  a  very  different  nature, 
and  sufficiently  trivial  to  cause  only  a  few  hours'  deten- 
tion. In  reality,  the  word  "  breakdown  "  may  either  refer 
to  a  trifling  event  of  this  description,  or  an  appalling 
disaster  which  may  cause  the  loss  of  a  vessel,  with  many, 
if  not  all,  on  board,  and  this  latter  case  is  not  by  any 
means  unknown.  For  instance,  something  may  have 
gone  wrong  with  the  valve  gear,  which  could  easily  have 
been  rectified  at  sea  by  the  aid  of  the  "spare"  details, 
and  without  much  trouble,  or,  on  the  other  hand,  as 
happened  some  time  ago,  one  of  the  connecting  rods  of 
a  great  and  almost  new  ocean  steamer  might  break 
through  the  middle,  and  cause  the  fracture  of  the 
cylinder  and  cylinder  cover,  piston,  framing,  and  con- 
denser, to  such  an  extent  as  to  cause  the  ship  to  lie  up  for 
repairs  for  several  months,  involving  the  re-erection  of 
the  engines,  with  heavy  loss  to  all  concerned. 

The  importance  of  a  breakdown  also  depends  greatly 
upon  circumstances,  as  the  valve  gear  derangement  just 
mentioned,  simple  as  it  is,  might  possibly  bring  about  the 
destruction  of  a  ship,  if  trying,  like  the  "  Royal  Charter,'* 
to  keep  off  a  lee  shore  in  a  storm. 

In  the  same  manner,  how  often  do  we  find  that  on 
railways,  and  in  land  engineering  generally,  the  old 
sajring,  "  great  results  from  trivial  causes  flow,"  is  too 
finequently  and  unhappily  verified.  From  this  it  will 
be  seen  that  careful  attention  to  the  most  minute  and 
apparently  unimportant  things  is  of  vital  consequence. 
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thus  bringing  to  our  minds  the  old  story  of  *'  the  nail,  the 
shoe,  the  horse,  the  man.'* 

Accidents  to  machinery  arise  from  one  or  more  of 
the  following  causes,  (i)  unskilful  design  or  arrangement 
of  parts ;  (2)  bad  materials ;  (3)  bad  workmanship ;  and 
(4)  improper  management ;  and  this  last  may  be  said 
to  neutralise  the  engineer's  best  efforts.  Hence  when 
everything  isjexecuted  in  first-class  style,  we  have  the  very 
elements  of  the  success  which  has  greatly  distinguished 
so  many  commercial  and  manufacturing  firms.  In  addi- 
tion to  this,  we  may  state  that  another  reason  for  the 
prosperity  of  those  who  employ  machinery  of  any  kind 
consists,  not  only  in  using  every  possible  means  of  pre- 
venting disaster,  but  in  possessing  the  art  of  rectifying  it 
speedily  when  it  does  come.  In  the  case  of  ships  at 
sea,  all  the  skill  available  will  sometimes  not  avert  a 
catastrophe,  but  when  it  does  overtake  them,  in  spite  of 
every  precaution,  it  may  still  be  robbed  of  its  power  by 
the  promptness  and  energy  with  which  the  evil  is  met, 
and  this  forms  part  of  the  discipline  on  board  ocean 
steamers  to  which  we  have  previously  referred. 

Ever  since  steam  navigation  began,  engineers  and 
shipbuilders  have  gained  their  experience  in  the  most 
practical  and  impressive  manner  by  a  long  series  of 
breakdowns,  disastrous  and  otherwise,  and  the  same  may 
be  said,  to  some  extent,  at  least,  of  railway  engineering. 

For  instance,  when  a  terrible  calamity  overtakes  a  mail 
steamer  or  a  passenger  train,  the  whole  of  the  circum- 
stances connected  with  it  are  investigated  as  far  as 
possible,  and  the  cause  is  frequently  discovered  to  have 
been  a  hitherto  unobserved  weak  place  in  the  engines  or 
ship,  or  something  that  required  amendment  in  the  rolling 
stock,  signal  apparatus,  or  even  the  road  itself  of  a  railway. 
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All  this  proves  most  valuable,  though  costly,  information, 
and  has  resulted  in  building  up  a  gigantic  system  which 
has  made  railway  travelling  the  safest  of  all  occupations 
on  land.  Indeed,  we  have  the  authority  of  Mr.  F.  S. 
Williams  for  stating  (Our  Iran  Roads,  page  438)  that 
"nearly  as  many  persons  are  slain  in  the  streets  of 
London  every  fortnight  as  there  are  passengers  killed  on 
all  the  railways  of  Great  Britain  in  a  year,  from  causes 
beyond  their  own  control.** 

Further,  it  is  said  that  "2,000  people  are  lost  in 
London  every  year,  and  only  half  of  them  are  found 
again,  and  also  that  above  1,000  lives  are  lost  annually 
in  the  mines  of  the  United  Kingdom.  It  may  still 
further  be  added  that  about  500  lives  are  destroyed  every 
year  upon  the  coasts  of  the  British  Isles  by  ship  and  boat 
wrecks/' 

At  the  half-yearly  meeting  of  the  London  and  North 
Western  Railway  Company  in  August,  1882,  the  chair- 
man stated  that  ''for  3^  years  only  one  passenger  had 
been  killed,  and  that  one  a  lady.*' 

"  I  have  in  this  room  proved,"  said  Sir  E.  Watkin  on 
one  occasion,  '*  that  railway  travelling  is  safer  than  walk* 
ing,  riding,  or  driving ;  than  going  up  and  down  stairs ; 
than  watching  agricultural  machinery,  and  even  less 
dangerous  than  eating,  because  more  people  choke  them- 
selves in  England  than  are  killed  on  all  the  railways  of 
the  United  Kingdom." 

From  these  statements,  the  only  logical  inference  to  be 
deduced  for  the  benefit  of  those  who  wish  to  live  to  a 
good  old  age  is,  that  if  they  continually  travel  by  rail,  their 
ehjed  will  most  likely  be  attained:  and  this  will  no  doubt  be 
confirmed  by  all  the  great  Companies,  and  by  railway 
people  in  general. 
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The  perfection  of  our  railway  system  at  the  present 
time  has  been,  we  need  hardly  say,  the  result  of  pains- 
taking care  and  ever  watchful  vigilance  on  the  part  of  the 
engineers  who  design,  as  well  as  those  of  all  ranks  who 
practically  work  this  class  of  machinery.  Ocean  tra£5c, 
however,  though  infinitely  safer  than  it  was  in  early  days, 
is  far  from  being  so  free  from  disaster ;  indeed,  slightly 
altering  well-known  words,  it  might  be  observed  that 

"Much  has  been  done,  mach  more  remains  to  do; 
Our  railways  flourish,  why  not  our  steamships,  too?'* 

A  great  variety  of  stories  from  the  sea  have  supplied 
shipowners,  shipbuilders,  and  engineers  with  much  valu- 
able information,  of  which  they  have  not  been  slow  to 
avail  themselves;  and  this,  taken  in  connection  with  a 
most  complete  and  admirable  system  of  management, 
gave  the  Cunard  Company  total  immunity  from  fatal 
disaster  to  any  of  their  Atlantic  ships,  from  the  year  1840, 
until  the  S.S.  "  Oregon  "  was  lost  by  collision  in  1886, 
and  this  is  all  the  more  remarkable  when  we  consider  the 
terrible  losses  sustained  by  some  other  Companies  in  a 
very  much  shorter  space  of  time.  Accidents  to  the 
machinery  of  the  Cunarders  have  occurred,  but  even 
these  have  been  extremely  rare,  and,  when  they  did 
happen,  the  only  result  was  a  temporary  delay  of  the  ship, 
without  endangering  the  safety  of  those  on  board. 

Many  things  have  conspired  to  protect  these  vessels 
from  serious  disaster.  In  the  first  place,  the  Company 
have  always  insisted  on  having  them  built  of  the  very 
best  materials,  and  with  the  most  thorough  workmanship. 
They  have  also  kept  their  ships  under  such  careful  super- 
vision as  to  ensure  the  discovery  of  the  slightest  defect  in 
strength  or  seaworthiness,  and  they  have  never  allowed  a 
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Steamer  to  start  on  a  voyage  unless  they  have  been  satis- 
fied that  it  was  complete,  perfect,  and  efficient  in  every 
department*  In  the  next  place,  they  have  marked  out 
separate  routes  for  outward  and  homeward  bound 
steamers,  somewhat  apart  from  the  direct  course — those 
on  the  outward  voyage  crossing  the  meridian  of  50"*  at 
43''  N.  lat.,  while  homeward  bound  ships  cross  the  same 
meridian  at  42""  N.  lat.  By  adopting  this  plan,  the  trips 
have  been  lengthened  slightly,  but  the  loss  of  time  has 
been  fully  compensated  by  the  greater  sense  of  security 
which  has  been  created. 

Mr.  Fraser  Rae  tells  a  little  story  in  connection  with 
a  voyage  of  the  Cunard  steamer  "  Atlas,"  a  few  winters 
ago.  The  ship  had  reached  mid-ocean,  and  one  night, 
while  the  passengers  were  amusing  themselves  in  the 
saloon  by  reading,  playing  cards,  chess,  or  draughts, — 
the  weather  being  too  rough  for  promenading  on  deck, — 
the  boatswain  came  down,  and  whispered  the  awful 
words,  *'The  ship  is  on  fire,  sir,"  in  the  captain's  ear. 
The  commander  at  once  went  on  deck,  and  was  followed 
by  others  to  whom  he  had  communicated  the  intelligence. 
There  they  saw  a  large  volume  of  dense  smoke  rising 
from  the  forward  hatch.  One  of  them  returned  to  the 
saloon,  and  told  the  dreadful  news.  Anxiety  was  mani- 
fested as  to  how  soon  the  flames  would  be  extinguished, 
but  there  was  little  excitement,  and  no  sign  of  panic, 
most  of  the  players  resuming  their  games,  and  the  readers 
returning  to  their  books.  Confidence  was  evidently  felt 
that  everything  that  could  be  done  to  avert  a  terrible 
calamity  would  be  performed. 

In  the  steerage,  on  the  contrary,  there  was  ignorance 
without  self-possession ;  women  shrieked,  while  men 
rushed  about  in  aimless  despair.    Some  of  the  first-class 
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passengers,  ofiering  to  aid  the  crew,  were  asked  to  help  in 
carrying  the  terror-stricken  men,  women,  and  children, 
from  the  steerage  to  the  cabin,  where  they  would  be  out 
of  the  way  and  give  less  trouble.  These  people,  however, 
refused  to  be  comforted,  or  even  to  be  quiet. 

All  this  time,  the  officers  and  crew  were  as  cool  and 
reticent  as  if  nothing  unusual  had  happened.  The  officer 
on  duty  walked  the  bridge,  giving  .his  entire  attention  to 
the  navigation  of  the  ship  ;  the  men  on  the  look-out  were 
at  their  posts ;  the  engineers  were  in  their  places  in  the 
engine-room ;  the  stewards  were  at  their  usual  employ* 
ment ;  indeed  the  business  of  the  ship  went  on  uninter- 
ruptedly, while  a  fire  was  raging  in  the  hold,  and  all  were 
in  peril !  At  the  end  of  half  an  hour  from  the  time  the 
alarm  was  given  the  danger  was  over,  and  the  fire 
thoroughly  mastered. 

The  cause  of  the  accident  was  the  ignition  of  some 
combustibles  which  had  been  shipped  contrary  to  the 
company's  regulations,  and  as  an  instance  of  the  excel- 
lent order  and  discipline  which  prevails  on  board  these 
ships,  and  also  the  readiness  with  which  any  emergency 
can  be  met,  this  incident  forms  a  very  good  illustration. 

On  another  occasion,  while  the  *<  Russia  "  was  steam- 
ing along  at  the  rate  of  fourteen  knots  an  hour,  with  a 
strong  breeze  blowing,  the  cry  went  forth  that  a  man  had 
leaped  overboard.  The  next  moment  a  second  splash  was 
heard — a  sailor  had  jumped  after  his  unhappy  shipmate, 
in  the  hope  of  saving  him,  The  vessel  was  stopped  and 
put  back  with  amazing  promptitude,  but  it  was  found 
that  the  gallant  attempt  at  rescue  had  failed.  This  daring 
swimmer  was  taken  up  and  a  purse  of  one  hundred  sover- 
eigns, subscribed  by  the  passengers,  was  presented  to 
him  for  his  conduct.     Subsequently,  as  "  Captain  Webb," 
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he  gained  great  celebrity  at  the  Straits  of  Dover,  and 
ultimately,  but  fatally,  in  his  attempt  to  swim  across  the 
rapids  of  Niagara  in  the  same  manner. 

Before  the  passengers  are  allowed  to  come  on  board 
an  outward  bound  mail  steamer  lying  in  the  Mersey,  the 
crew  is  assembled  for  drill  in  the  presence  of  the  captain 
and  officers,  the  marine  superintendent,  and  some  repre* 
sentative  of  the  company,  who  make  a  full  inspection  of 
the  ship,  boats  and  crew.  All  the  boats  are  manned, 
lowered,  and  replaced  to  prove  they  are  in  complete 
working  order ;  the  firemen .  are  put  through  their  drill, 
the  pumps  are  manned  and  tested,  the  rockets  and  signals 
are  examined,  the  steering  apparatus  is  tried,  the  store- 
rooms are  inspected,  and  every  part  of  the  vessel  is 
thoroughly  looked  into.  When  this  is  done,  the  ship  is 
reported  upon,  and,  if  everything  is  satisfactory,  the  pas- 
sengers are  admitted  at  the  time  announced,  and  sail  at 
the  appointed  hour,  every  possible  precaution  having 
been  taken  to  ensure  the  safety  of  all  on  board. 

"The  British  and  North  American  Company's  steamship  'President,' 
2,366  tons,  and  600  horse  power,  Lieutenant  Richard  Roberts,  R.N.,  com- 
mander, is  intended  to  leave  Liverpool  on  loth  February,  1S41,  and  New 
York  on  loth  March  next,  and  to  continue  running  each  alternate  month 
during  the  season,  until  the  loth  October. 

*'And  the  'British  Queen,'  2,016  tons,  and  500  horse  power,  Lieu- 
tenant Edward  Franklin,  R.N.,  commander,  is  to  leave  London  on  ist 
March,  and  Portsmouth  on  loth  March. 

**  For  freight,  application  may  be  made  to  Joseph  R.  Pim,  Derby 
Buildings,  Liverpool." 

Such  were  the  newspaper  announcements  of  the 
period  regarding  these  ships.  The  *'  President "  sailed  as 
advertised,  arriving  safely  in  New  York,  and  starting  on 
her  return  voyage  on  the  nth  March,  1841.  Previous, 
however,  to  leaving  England,  Captain  Fayre,  who  was 
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then  in  charge  of  the  vessel,  was  asked  to  retire  from 
the  service  of  the  company  because  he  could  not  accom- 
plish the  mechanical  impossibility  of  driving  the  ship 
faster,  and  he  was  at  once  superseded  by  Lieutenant 
Roberts,  from  the  "Sirius."  The  former  no  doubt  felt 
quite  disappointed,  and  the  latter  gratified  at  finding 
himself  promoted  from  a  steamer  of  700  tons  to  another 
fully  three  times  her  size,  and  yet,  could  both  these 
gentlemen  have  had  the  power  of  foreseeing  the  awful 
event  which  was  soon  to  follow,  how  changed  their 
opinions  would  have  been  I !  The  dismissed  captain  on 
the  one  hand  rejoicing  in  his  safety,  the  other  horrified 
at  his  approaching  doom. 

If  the  passengers,  too,  in  New  York  could  have  had 
the  same  gift  of  prescience,  how  they  would  have  stood 
appalled  on  the  deck  of  the  vessel  in  harbour,  and,  dis- 
regarding the  los&of  passage  money,  fled  from  her  as  from 
a  plague  ship !  But  no,  the  impenetrable  curtain  which 
hides  from  everyone  what  is  to  happen  even  in  the  next 
half  hour,  hid  also  from  them  their  inevitable  destruction. 

This  is  an  old  and  well  remembered  story,  but  it  never- 
theless awakens  in  my  own  mind  many  similar  circum- 
stances, which  the  reader  may  be  familiar  with  in  various 
forms.  Just  before  the  S.S.  "Dalmatian,"  previously 
referred  to,  left  the  dock  in  Liverpool  for  the  last  time, 
her  chief  officer  was  superseded  by  another,  for  no  fault 
of  his  own ;  this  saved  his  life,  as  a  few  hours  after- 
wards the  ship  was  dashed  to  pieces  in  a  gale  on  the 
rocky  coast  of  Wales,  and  not  one  escaped  to  say  how  it 
came  about. 

Immediately  before  the  S.S.  "Austria"  sailed  from 
Bremen  for  New  York  on  her  last  voyage,  a  gentleman 
who  had  taken  his  passage  was  much  annoyed  to  find  that 
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his  berth  had  been  previously  engaged  by  someone  else. 
The  company  were  very  sorry  for  it,  of  course,  but  could 
not  give  him  another,  so  he  had  to  go  by  the  next  stea- 
mer, leaving  his  luggage,  however,  which  was  on  board, 
to  proceed  in  advance. 

In  mid  Atlantic  the  ship  was  destroyed  by  fire ;  about 
400  persons  lost  their  lives,  and  he  might  have  been  one 
of  the  number  had  he  not  been  left  on  shore. 

People  may  go  with  so-called  *'  charmed  lives  "  through 
fire  and  flood,  and  storm  and  tempest.  Even  in  the 
midst  of  many  battles,  soldiers  have  been  exposed  to 
such  a  hail  of  bullets,  shell,  and  cannon  shot,  that  hardly 
any  around  them  could  exist,  and  yet  they  themselves 
have  been  untouched,  and  after  living  to  a  good  old  age, 
died  at  home  comfortably  in  bed.  This  unconsciousness  of 
the  future  on  our  part  is  a  wonderfully  beneficial  arrange- 
ment, because  if  we  had  the  power  of  accurately  anticipa- 
ting our  prospective  joys,  sorrows,  and  end,  the  result 
would  be  a  grand  upheaval  of  the  very  foundations  of  social 
happiness  and  advancement.  Therefore  it  is  better  to  be 
in  blissful  ignorance  and  know  not  what  awaits  us. 

There  is  also  a  still  more  important  and  visible  reason, 
which  is,  that  all  may  be  thereby  stimulated  to  shape  such 
a  course  through  time  as  to  be  enabled  to  turn  an  appar- 
ent disaster  into  a  victory,  and  to  look  upon  death  only  as 
the  "  Gate  of  Life.*' 

To  return  to  our  story,  the  "  President  **  sailed  from 
New  York  for  Liverpool  on  March  xith,  1841,  with  136 
passengers  and  a  valuable  cargo,  everyone  on  board  fully 
expecting  a  favourable  passage.  Her  previous  runs 
between  the  two  ports  had  occupied  about  fourteen  days, 
but  on  this  occasion  she  was  so  long  overdue  that  the 
greatest  anxiety  was  felt  concerning  her  safety,  and  all 


326  ENGINEERING,  POPULARLY  chap.  xx. 

the  more  so,  because  ships  had  arrived  and  reported 
dreadful  weather,  indeed  some  old  navigators  declared 
they  had  never  seen  it  so  bad  in  the  Atlantic.  There  was 
also  an  immense  quantity  of  field  and  berg  ice  floating 
about.  In  the  face  of  this,  and  in  spite  of  prolonged 
delay,  people  still  hoped  that  ever3rthing  would  yet  be  well. 

It  was  stated  that  a  large  steamer  of  similar  rig  had 
been  seen  under  sail  alone,  and  of  course  everyone 
thought  she  must  have  been  the  '*  President."  This  hope 
was  soon  blighted  however,  because  the  disabled  ship 
turned  out  to  be  another.  In  the  meantime  the  ''  British 
Queen"  arrived,  and  brought  no  tidings  of  the  missing 
vessel,  indeed,  she  had  such  a  fearful  time  of  it  herself  on 
the  voyage,  that  none  expected  to  reach  land  again. 

The  storm  she  passed  through  lasted  ten  days — her 
sails  were  blown  to  rags,  and  the  lee  paddle  floats  were 
stripped  ofi*— in  short,  nothing  saved  her  from  foundering 
but  the  inherent  strength  of  the  hull,  and  good  seaman- 
ship. Time  rolled  on,  and  every  scrap  of  supposed 
information  was  seized  with  avidity,  but  in  every  case  it 
proved  delusive.  Hope  gave  way  to  despair,  and  at  last 
the  terrible  truth  came  home  to  all,  that  the  ship  they  so 
eagerly  waited  for  was  lost — ^but  how  ? 

This  was  the  next  question,  and  all  sorts  of  theories 
were  put  forward  in  support  of  certain  statements  regard- 
ing the  cause  of  the  disaster,  some  saying  one  thing,  and 
some  another.  Wise  people  shook  their  heads  and  said, 
she  "struck  an  iceberg,"  or  "broke  in  two,"  or  "was 
overwhelmed  by  the  sheer  force  of  the  sea,"  but  who  the 
correct  theorists  were  we  have  no  means  of  ascertaining. 

One  fact  alone  remains,  which  is,  that  a  noble  steamer 
sunk  in  mid  Atlantic,  taking  with  her  all  on  board,  and 
leaving  behind  not  a  vestige  of  an3rthing  which  from  that 
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day  to  the  present  could  shed  a  ray  of  light  upon  her 
mysterious  disappearance.  If  one  engine  had  broken 
down,  she  could  still  have  used  the  other,  and  carried  on 
at  reduced  speed.  Probably  she  ran  into  field  ice,  and 
sank  immediately;  perhaps  she  broke  her  back  on  a 
mountain  wave,  and  gave  her  passengers  an  awfiil 
awakening;  but  it  is  not  unlikely  that  the  sea  over- 
powered her,  and  sent  her  to  the  bottom  like  the  S.S. 
"  London  "  in  the  Bay  of  Biscay. 

All  these  theories  are  good  and  sound,  but  their  proof 
is  beyond  our  power,  and  ever  will  be.  When  people 
read  in  the  newspapers — "  The  Cunard  Steamer  <  Servia ' 
arrived  at  New  York  yesterday,  being  three  days  overdue. 
During  a  heavy  sea  the  boats,  the  bridge,  and  the  funnels 
were  carried  away,  and  the  saloon  was  flooded,"  and  when 
those  who  have  read  this  see  for  themselves  the  immense 
vessel,  and  also  her  great  height  out  of  the  water,  it  will 
give  them  a  much  better  idea  than  words  can  convey  of 
the  force  of  those  vast  Atlantic  waves,  and  the  dangers 
weakly  built,  badly  engined,  and  unskilfully  navigated 
ships  are  at  all  times  exposed  to. 

In  the  summer  of  1852,  when  passing  through  Glas- 
gow, I  had  the  pleasure  of  going  on  board  the  Liverpool, 
New  York,  and  Philadelphia  S.S.  '*  City  of  Glasgow,"  and 
accustomed  as  I  had  been  to  see  the  old-fashioned  Leith 
and  London  paddle  steamers  '*  Royal  William,"  '<  Royal 
Adelaide,"  and  *<  Royal  Victoria,"  I  could  not  but  admire 
the  beauty  and  finish  of  this  ship.  She  was  of  1,087  ^'^^^ 
and  330  horse-power,  and  had  recently  left  the  hands  of 
Tod  &  McGregor — her  builders.  Her  engines,  her  hull, 
and  general  appearance  were  therefore  objects  of  great 
interest  to  one  who  gazed  at  them  for  the  first,  and  as  it 
proved,  for  the  last  time. 
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On  March  ist,  1854,  ^^^^  ^^^  vessel  sailed  from  the 
Mersey  for  New  York,  with  480  people  on  board,  includ- 
ing officers  and  men  ;  but,  strange  to  say,  during  all  these 
intervening  years  no  one  has  been  found  who  could  give  a 
single  scrap  of  information  respecting  the  mysterious  dis- 
appearance of  the  ship  during  that  memorable  voyage. 

In  the  same  manner  did  the  Collins  liner  *'  Pacific  ** 
vanish  from  sight.  This  vessel,  of  2,707  tons,  1,000  horse- 
power, and  commanded  by  Captain  Asa  Eldridge,  sailed 
from  New  York  for  Liverpool  on  January  23rd,  1856.  with 
46  passengers  and  141  of  a  crew,  but  since  that  time 
nothing  has  ever  turned  up  which  could  throw  any  light 
upon  her  sad  story.  During  a  previous  voyage,  the  side 
lever  crosstail  of  the  port  engine  broke,  and,  before  they 
could  stop  the  machinery,  nearly  the  whole  of  it  on  one 
side  of  the  ship  was  hopelessly  destroyed.  This,  however, 
had  been  repaired  upon  her  arrival  in  the  Mersey. 

The  last  of  these  unaccountable  losses  to  which  we 
shall  refer  is  that  of  the  Inman  steamer  *'  City  of  Boston." 
It  is  now  about  seventeen  years  since  she  sailed  on  her 
fatal  voyage,  and  I  well  remember  the  conflicting  news- 
paper reports  which  first  cheered  and  then  depressed 
those  who  read  them ;  the  hopes,  the  fears,  and  blighted 
expectations,  and  the  wearing  anxiety  of  people  who  had 
relatives  on  board,  which  in  some  cases  proved  too  great 
a  strain  for  them.  It  may  be  added  that  sailing  ships  and 
cargo  steamers  are  still  being  lost  from  causes  which  can 
only  be  conjectured.  In  mail  steamers,  however,  the 
discipline  is  so  perfect,  and  their  construction  and  internal 
organisation  so  complete  in  every  respect,  that  not  one  of 
them  has  mysteriously  disappeared  since  the  *'City  of 
Boston ''  vanished  from  sight. 
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CHAPTER  XXL 

LOSS   OF  WEST  INDIA  MAIL  STEAMER  **  AMAZON  " — 
ENGINEERING    SMASHES   ON    LAND. 

Farewell  to  Soathampton— First  Night  at  Sea— "  Heated  Bearings'*— 
Alarm  among  the  Passengers — "No  Danger  of  Fire?*' — Strong 
Gale— NeiIson*s  vigilance— The  Little  World  asleep— All's  well— 
Fire  I  Fire  !  I — ^Wild  excitement — Swift  destmction — Awfnl  scenes — 
Ungovernable  Engines — A  Flying  Inferno— ^The  End — Spontaneous 
Conflagrations — Cause  of  Safety  in  Travelling — Death  of  a  Railway 
Engineer — Promotion  by  Influence~>The  New  "Chief"  and  his 
'*  Improvement  *' — The  smash  on  the  Line — National  disaster  through 
bad  Engineering — Stage  Coaches  and  Sailing  Packets  reinstated. 

Wb  naturally  expect  to  find  the  greatest  disasters 
happening  to  ships  and  steamers  when  out  on  the  wide 
ocean,  exposed  to  hurricanes  and  cyclones,  and  also  when 
dashed  by  the  sheer  force  of  the  tempest  against  a  rocky 
coast.  Strange,  however,  as  it  may  appear,  those  which 
have  involved  the  most  serious  losses  of  life  have 
occurred  in  smooth  water,  such  as  the  loss  of  H.M.S. 
*'  Royal  George  "  at  Spithead,  when  Admiral  Kempenfeldt 
and  '*  twice  four  hundred  men  "  went  down  with  her  in  a 
few  moments.  Second  only  to  this  was  the  destruction 
of  the  river  steamer  "  Princess  Alice  "  on  the  Thames,  a 
few  years  ago;  but  the  disaster  which  above  all  others 
involved  the  greatest  accumulation  of  horrors  at  the  same 
time,  was  the  burning  of  the  new  and  magnificent  West 
India  Mail  steamer  '*  Amazon,"  in  the  Bay  of  Biscay. 

Never  can  I  forget  the  awful  scenes  that  attended  the 
last  moments  of  that  ill-fated  vessel^  nor  the  profound  sen- 
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sation  they  caused  at  the  time  throughout  the  country. 
Briefly  told,  the  story  of  her  loss  is  as  follows : — 

The  "  Amazon  "  was  a  timber-built  ship,  of  2,250  tons 
and  800  nominal  horse  power,  and  cost,  when  completed, 
;^  100,000.  Her  commander,  Captain  Symons,  who  had 
been  temporarily  appointed  for  the  voyage,  as  his  own 
steamer  the  ''  Orinoco,*'  was  not  quite  ready,  had,  for 
some  inexplicable  reason,  a  superstitious  feeling  towards 
her,  and  objected  to  have  his  name  associated  with  the 
new  vessel.  She  started  on  her  first  trip  from  South* 
ampton  at  3.30  p.m.  on  Friday,  January  2nd9  1852,  with  a 
crew  of  113  and  50  passengers,  also  a  cargo  valued  at 
;^ioo,ooo,  while  crowds  of  people  came  to  see  her  off, 
and  wave,  unconsciously,  their  last  adieus  to  those  on 
board. 

Everything  promised  well.  The  splendour  of  the 
ship,  the  magnificence  of  the  engines,  the  prestige  of  the 
Company,  and  the  general  surroundings,  all  seemed  to 
forebode  a  happy  and  prosperous  voyage  to  those  sunny 
climes  of  the  Spanish  Main  so  interestingly  described  in 
Charles  Kingsley*s  book.  At  Last. 

Soon  after  starting,  the  engines  began  to  give  trouble 
on  account  of  the  paddle-shaft  bearings  heating  consider- 
ably, and  this  increased  so  much  that,  notwithstanding 
all  that  could  be  done  to  cool  them,  the  machinery  had  to 
be  stopped  twice — in  the  latter  case  for  two  and  a  half 
hours.  This,  as  well  as  the  whistling  of  the  steam, 
caused  some  alarm  among  the  passengers,  which  the 
captain  quieted  by  telling  them  that  they  were  new 
engines,  and  would  work  easier  in  time,  but  the  saloon 
people  were  still  anxious,  and  one  of  them  observed,  "  I 
hope  there  is  no  danger  of  fire  ?  *' 

''  No  chance  of  that,*'  observed  a  Mr.  Neilson,  '*  or  it 
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would  be  a  terrible  business  in  such  a  night  as  we  are 
likely  to  have." 

During  the  next  day,  the  ship  had  a  strong  wind 
dead  against  her,  which  continued  to  rise  until  it  became 
a  perfect  gale,  but  with  the  engines  reduced  to  three- 
quarter  speed  she  made  8^  knots  an  hour.  So  far  as  the 
knowledge  of  the  period  went,  the  vessel  was  well  cared 
for,  and  had  plenty  of  boats — nine  in  all — for  saving  those 
on  board  in  the  event  of  danger  arising.  She  had  also 
able  and  experienced  officers. 

This,  then,  is  a  picture  of  the  splendid  steamer  on  her 
voyage.  But  let  us  pause  ere  we  lift  the  curtain  and  shew 
in  all  its  hideousness  a  transformation  scene  worthy  of 
Dante  or  Dor6,  which  has  never  been  exceeded  even 
by  the  wildest  writers  of  fiction.  On  the  deck  outside, 
everyone  on  duty  was  navigating  the  ship  as  usual,  and 
the  engines  were  working  more  easily  at  the  reduced 
speed.  Up  to  a  little  past  midnight,  this  state  of  things 
continued ;  the  sea  was  high,  the  night  dark,  but  all  was 
well. 

The  passengers  were  in  bed,  dreaming  sweetly,  per- 
haps, of  past  scenes  in  England,  the  home  of  the  happy 
and  the  free,  or  probably  the  anticipated  events  of  the 
future,  but  certainly  not  the  event  so  close  at  hand.  Eliot 
Warburton,  the  talented  author  of  Tht  Crescent  and  the 
Cross,  was  among  them,  on  his  way  to  the  Isthmus  of 
Darien  as  a  diplomatic  agent  to  the  Indian  tribes  of  that 
region.  Mr.  Neilson,  one  of  the  passengers  referred  to, 
who  had  taken  great  interest  in  the  working  of  the 
machinery,  had  left  the  engine-room  at  12.30,  and  gone  to 
bed — for  what  proved  to  be  only  a  five  minutes  rest — 
quite  satisfied  with  the  improved  state  of  affairs,  and  all 
was  peace  and  safety  to  the  little  floating  world  thus 
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**  rocked  in  the  cradle  of  the  deep."  Even  those  who 
were  awake  heard  nothing  but  the  natural  creaking  of 
the  ship,  and  the  splash  of  the  waves  against  her  sides  as 
she  sped  onwards. 

At  a  quarter  to  one  on  Sunday  morning,  January  4th, 
just  as  the  "Amazon"  had  reached  a  point  about  no 
miles  W.S.W.  of  Scilly,  the  awful  cry  of  Fire!  Firb  !  I 
burst  upon  the  ears  of  the  affrighted  sleepers.  Hark !  to 
the  shouts  of  horror  and  despair — the  clanging  of  the 
alarm  bell— the  rush  of  many  feet  along  the  deck — ^the 
crackling  of  timbers,  and  the  belching  forth  of  dense 
clouds  of  smoke  that  stifle  all  who  approach  it.  Such, 
almost  in  a  few  moments,  was  the  dreadful  change  that 
had  come  like  a  flash  upon  the  amazed  and  awe-stricken 
crowd. 

The  fire  had  burst  out  apparently  in  the  store  room 
adjoining  one  of  the  forward  boilers,  and  so  swiftly  did 
it  spread  aft  owing  to  the  strong  head  wind,  that  the 
engines  could  not  be  stopped,  nor,  indeed,  were  they  ever, 
until  all  was  over. 

Imagine,  if  you  can,  the  scene  inside  the  theatre  at 
Nice,  or  the  "  Ring  "  Theatre  of  Vienna  on  the  night  of 
their  destruction.  Change  it  from  dry  land  to  the  raging 
seas  of  the  Bay  of  Biscay,  and  shrouded  in  pitchy  dark- 
ness, let  it  be  driven  over  them  by  a  power  no  human 
agency  could  control,  and  then  you  may  have  a  somewhat 
approximate  idea  of  the  sight  which  greeted  the  eyes,  and 
paralysed  the  minds  of  the  half-naked  and  bewildered 
passengers  on  the  quarter-deck,  for  whom  a  terrible  death 
awaited. 

Before  they  had  time  to  think  of  any  chance  of  escape 
by  the  boats,  which  were  soon  afterwards  nearly  all  burnt, 
or  swamped  by  the  surge  of  the  wheels,  the  flames  were 
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in  upon  them,  crashing  through  the  glass  and  woodwork 
of  the  saloon,  and  then  followed  scenes  no  language  could 
adequately  describe  or  pencil  sketch.  A  gentleman  was 
observed  shielding  his  wife  from  the  fire  until  the  last 
moment.  Another  couple  were  seen  with  their  arms 
clasped  round  each  other's  waists,  and  walking  slowly 
along  the  deck,  when  all  at  once  it  gave  way  beneath 
their  feet,  and  both  fell  into  the  raging  furnace  below; 
and  amongst  other  horrible  spectacles,  was  that  of  a  man 
utterly  destitute  of  clothes,  walking  about  with  one  entire 
side  a  mass  of  burns  and  enormous  blisters,  some  of 
which  had  burst,  and  left  the  flesh  hanging  in  shreds. 

Owing  to  the  immense  volumes  of  smoke  and  flame 
that  now  invaded  the  quarter-deck,  the  ship  had  become 
totally  unmanageable.  Captain  Symons  therefore  cried 
out,  '<  For  God's  sake !  put  her  before  the  wind." 

This  was  done  as  quickly  as  possible,  but  another  evil 
arose,  which  was,  that  the  speed  became  so  greatly  in- 
creased as  to  render  it  almost  impossible  to  launch  a  boat 
in  safety.  It  was  tried,  however,  with  the  remaining  ones, 
two  of  which,  while  being  lowered  full  of  passengers  from 
the  davits,  fell  end  on  into  the  water — owing  to  the  tackle 
not  working  properly — and  their  shrieking  occupants  were 
thrown  into  the  sea  and  left  far  astern.  Onward  rushed 
the  flying  Inferno,  but  ultimately  two  of  the  largest  boats 
were  safely  launched,  one  of  which  was  commanded  by 
Mr.  Vincent,  a  midshipman,  and  the  other  by  Lieutenant 
Grylls,  R.N.,  who  was  one  of  the  passengers. 

Everjrthing  that  could  possibly  be  done  by  the  officers 
and  men  to  save  life  was  attempted,  but  from  the  first  the 
case  was  seen  to  be  hopeless  so  far  at  least  as  the  ship 
was  concerned,  and  <*  faithful  unto  death  "  may  be  said  of 
many.     Lieutenant  Brady,  the  officer  in  charge  of  the 
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mails,  was  seen  enveloped  in  flames  while  trying  to  save 
the  mail  bags,  and  the  last  scene  witnessed  by  those  in 
the  departing  boats  was  the  captain  and  officers  standing 
by  the  wheel  awaiting  their  dreadful  end,  and  the  last 
passenger  also  observed  in  the  same  position  was  Eliot 
Warburton*  The  annexed  plate  is  a  view  of  the  P.S. 
<*  Amazon  "  making  signals  at  sea,  and  is  a  good  example 
of  a  style  of  ship  which  at  that  time  existed. 

Soon  after  the  boats  left,  the  main  mast,  which  had 
previously  fallen,  was  succeeded  by  the  fore  and  mizzen» 
then  the  funnels  fell  hissing  into  the  water,  then  the 
magazine  exploded,  and,  after  a  pause,  the  vessel  went 
down.  Just  before  this,  however,  a  barque,  close  reefed, 
passed  between  one  of  the  boats  and  the  ship,  and  within 
400  yards  of  the  former,  which  hailed  her  several  times 
with  the  energy  of  despair.  She  brailed  in  her  spanker 
and  appeared  to  answer  them,  but  nevertheless  sailed 
round  the  wreck  and  left  them  to  their  fate,  because,  as  it 
turned  out  afterwards,  she  had  not  seen  the  boat,  and  was 
anxious  to  do  what  she  could  in  giving  assistance. 

The  cause  of  the  disaster  has  never  been  discovered. 
One  theory  was  that  spontaneous  combustion  among  the 
coals  had  originated  it,  but  it  has  been  much  more 
generally  supposed  that  the  store-room  was  to  blame,  as  it 
was  full  of  combustibles  such  as  oil,  turpentine,  &c.,  and 
was  moreover  greatly  heated  by  being  too  close  to  one  of 
the  boilers.  The  woodwork  of  the  ship  also  was  in  prime 
condition  for  firing,  as  the  vessel  had  been  very  hastily 
finished,  and  it  had  been  saturated  with  turpentine  for 
cleaning  purposes  previous  to  painting  and  varnishing. 

Subsequent  events  have  shewn  that  the  origin  of  this, 
as  well  as  of  many  other  unaccountable  conflagrations, 
may  have  been  the  spontaneous  combustion  of  oily  cotton 
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waste,  &c.,  when  exposed  to  certain  atmospheric  influ- 
ences, and,  for  this  reason,  I  am  induced  to  mention  a 
circumstance  which  happened  in  the  works  of  Messrs. 
Neilson  &  Co.,  Glasgow,  when  I  was  on  their  staff. 

One  portion  of  the  old  and  well  known  Hyde  Park 
Foundry  consisted  of  a  large  turning  shop,  filled  with 
machinery,  and  occupying  the  first  floor  of  one  of  the 
buildings,  in  a  comer  of  which  lay  a  quantity  of  dirty 
waste  that  had  been  used  for  cleaning  purposes.  On  the 
occasion  referred  to,  the  foreman  had  arrived  a  little 
before  six  a.m.,  and,  to  his  surprise,  found  the  pile  of 
waste  in  a  smouldering  state,  and  on  the  point  of  setting 
fire  to  the  floor.  It  is  very  probable  that  half-an-hour 
later  the  whole  building  would  have  been  in  a  blaze,  and 
without  any  apparent  cause,  as  the  works  were  closed  at 
six  on  the  previous  evening. 

Long  afterwards,  I  mentioned  this  circimistance  to  a 
friend,  who  informed  me  that  the  same  thing  had  taken 
place  in  his  own  house,  owing  to  some  oily  cloths  having 
been  stuffed  into  a  kitchen  drawer,  but  fortunately  dis- 
covered in  time  to  prevent  mischief.  It  may  also  be 
added  that,  so  fully  do  the  Lancashire  insurance  com- 
panies recognize  the  danger  of  fire  from  spontaneous 
combustion,  such  as  we  have  mentioned,  that  they  will 
not  allow  refuse  cotton  waste  to  remain  during  the  night 
in  the  mills  over  which  they  have  control. 

Out  of  the  163  people  who  sailed  in  the  "  Amazon,*' 
104  were  lost.  The  rest  were  picked  up  in  the  remain- 
ing boats  by  passing  vessels,  and  landed  in  safety,  and 
amongst  them  was  one  lady — a  Mrs.  McLennan — and 
Mr.  Neilson,  who  afterwards  wrote  a  long  and  interesting 
letter  to  the  Times,  giving  a  full  account  of  the  destruc- 
tion of  the  ship. 
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Thirty-seven  years  have  rolled  away  since  this  event, 
and  so  many  terrible  losses  have  occurred  during  the 
interval  that  we  ought  to  be  somewhat  seasoned  to  them 
by  this  time,  but  really,  as  I  hunted  through  the  columns 
of  the  above  newspaper,  and  also  the  pages  of  a  little 
book,  The  Loss  of  the  Amazon,  for  facts  connected  with  the 
case,  I  felt  the  scene  rising  again  before  me  in  such 
hideousness,  and  without  a  single  ray  of  light,  or  one 
ameliorating  circumstance  attending  it,  that  all  the  other 
disasters  of  a  life  time  sank,  comparatively  speaking,  into 
the  shade.  I  may  further  add  that,  although  other  cala^ 
mities  at  sea  have  involved  a  much  greater  loss  of  life 
than  this  one  did,  those  who  recollect  the  burning  of  the 
*'  Amazon  "  will  remember  an  event  which  for  accumu- 
lated and  relentless  horrors,  has  never  been  equalled  in 
the  history  of  steam  navigation. 

Even  at  the  worst,  I  should  have  been  able  to  modify 
this  statement  considerably  if  the  engines  could  only  have 
been  stopped,  but  why  they  were  not  I  have  never  been 
quite  able  tb  understand,  as  it  is  difficult  to  see  how  the 
flames  or  smoke  should  have  so  swiftly  overpowered  those 
in  the  engine-room  as  to  prevent  them  from  shutting  ofi 
the  steam  at  a  moment's  notice,  as  we  can  now  do  in  all 
our  ships,  and  under  all  circumstances. 

A  friend  of  mine  was  one  day  travelling  by  rail,  when 
an  animated  conversation  arose  on  the  subject  between 
himself  and  another  passenger.  They  were  soon  joined 
by  a  third,  who  proved  to  be  the  Rev.  William  Blood, 
one  of  the  survivors,  who  gave  them  a  graphic  description 
of  the  scenes  he  had  passed  through  during  the  fire,  and 
added  that  what  he  had  witnessed  had  given  him  the  idea 
of  a  never-to-be-forgotten  hell  upon  earth.  The  intense 
excitement  of  the  scene  must  have  drowned  reflection  in 
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many  cases.  It  is  quite  possible,  however^  that  in  that 
last  dread  hour,  as  in  the  foundering  S.S.  '^  London,** 
there  may  have  been  some,  and  perhaps  weak  ladies  too, 
who,  '*  after  life's  fitful  fever," — after  everything  possible 
had  been  accomplished,— could  stand  serenely  under  the 
influence  of  a  silent,  secret,  wonderful  power,  and  as  the 
ship  went  down,  sink  with  her — ^to  rest. 

From  the  loss  of  these  two  vessels  engineers  have 
learnt  many  valuable  practical  lessons,  and  among  them 
may  be  mentioned  the  extreme  danger  of  placing  a 
storeroom  containing  combustibles,  and  also  woodwork 
of  any  kind,  too  close  to  what  may  be  the  exposed  parts 
of  hot  boilers,  and  at  the  same  time,  the  necessity  of 
having  high  and  strong  engine  room  skylights,  which 
prevent  the  possibility  of  their  being  washed  away  in 
stormy  weather,  and  thus  causing  the  ship  to  be  flooded 
till  she  sinks.  Such  calamities  as  those  we  have  men- 
tioned,—  even  in  a  mitigated  form  —  are  now  almost 
unknown.  The  experience  which  has  produced  such 
happy  results  has  been  gathered  from  a  great  variety  of 
sources,  and  has  developed  on  the  one  hand  the  art  of 
avoiding  such  dangers,  and  on  the  other  the  power  of 
remedying  them  promptly  if  they  should  happen. 

After  all  that  has  been  done,  however,  it  is  astonishing 
how  frequently  the  most  dreadful  disasters  occur  to  ships 
and  steamers  by  collision  with  each  other.  This  year 
of  1889  supplies  numerous  examples  of  vessels  thus  going 
to  the  bottom  as  if  they  were  made  of  tin,  instead  of  being 
built  of  steel,  and  as  if  they  had  not  a  single  protective 
bulkhead  to  save  them  from  foundering.  The  recent 
"  Princess  Henriette  *'  collision  in  the  English  Channel, 
certainly  eclipses  all  others  in  its  unique  characteristics. 
Such  an  event  as  one  vessel  cutting  another  right  through 
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paddle  box  and  engine  room)  from  side  to  side,  and  at 
the  same  time  causing  the  boilers  to  explode,  has  never 
happened  before,  and  probably  never  will  again.  The 
''Amazon'*  story  stands  pre-eminent  amongst  the  fiery 
disasters  at  sea,  but  this  Dover  and  Ostend  Packet 
calamity  must  remain  unparalleled  in  the  records  of 
similar  catastrophes  upon  the  ocean.  Infallibility  on 
railways  can  by  no  means  be  expected,  but  if  collisions  at 
sea  through  careless  navigation  are  to  continue,  they  may, 
however,  be  robbed  of  their  fatally  destructive  power  by 
strengthening  the  bulkheads  already  referred  to. 

This  chapter,  as  well  as  a  portion  of  the  last,  has  been 
somewhat  down  among  the  dismals,  but  as  lights  and 
shades  are  appropriate  in  a  picture,  so  are  they  also 
necessary  and  natural  in  a  book,  the  object  of  which  is  to 
describe  in  a  simple  manner  the  practice  of  engineering, 
which  contains  some  of  the  most  melancholy  records  to 
be  found  in  the  history  of  the  world.  And  another  reason 
for  raking  up  so  many  sad  stories  of  bygone  days  is  to 
show  to  the  general  reader  how  engineers — ^step  by  step — 
have  worked  the  profession  up  to  its  present  high  position 
in  so  short  a  time. 

It  is  to  be  regretted  that  the  time  honoured,  and  geo- 
graphically distinctive  title  of  the  *'  West  India  Royal 
Mail  S.S.  Company  **  should  have  been  changed  to  that  of 
"The  Royal  Mail  Steam  Packet  Company,*'  which  is 
confusing  to  some  at  least  owing  to  the  existence  of  so 
many  other  Royal  Mail  liners.  As  there  is  a  West  India 
and  Pacific  fleet  of  steamers  owned  in  Liverpool,  and  also 
the  P.  S.  N.  line  sailing  from  the  Mersey,  two  *'  West 
India*'  telegrams  flying  about  the  world,  or  an  equal 
number  of  "Pacifies"  flashing  over  the  surface  of  the 
earth  would  create  endless  confusion.      Our  old  friends 
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named  above,  have  therefore  adopted  their  present  title, 
and  this  in  itself  will  indicate  one  of  the  causes  of  change 
of  name  in  firms  when  complications  arise.  "  Tht  Royal 
Mail "  is  certainly  a  first  class  designation — as  it  is  quite 
in  the  Head  of  the  Clan  style,  but  for  geographical 
expressiveness  it  cannot  be  compared  with  the  former 
name  of  the  Company  who  possessed  the  **  Amazon,'*  and 
many  other  fine  steamships  at  that  period. 

How  comfortable,  how  safe,  how  happy  we  all  are 
while  travelling  on  land  and  sea  !  We  have  good  men  in 
responsible  positions,  constantly  watching  over  every- 
thing that  might  bring  about  disaster  in  any  form,  and 
carefully  investigating  and  analysing  all  arrangements 
which  can  possibly  benefit  the  public.  But  let  me  sketch 
another,  though  certainly  imaginary,  picture,  in  the  hope 
of  illustrating  how  the  beneficial  science  of  engineering 
might,  with  great  ease,  be  turned  into  a  blighting  and 
universal  evil. 

Let  us  therefore  suppose  that  instead  of  able  and 
experienced  men  at  the  head  of  affairs  in  all  departments, 
we  had  a  set  of  people  who  had  been  promoted  through 
influence  instead  of  merit.  Let  us  also  suppose  that 
Charles  Y.  Z.  Hardinge,  to  whom  we  have  previously 
referred,  is  one  of  them. 

Since  we  last  saw  him,  this  young  gentleman  has  been 
a  draughtsman  in  the  establishment  he  then  entered. 
For  a  time  he. got  along  pretty  fairly,  having  plenty  of 
well  matured  drawings  to  aid  him,  and  comparatively 
simple  work  to  execute,  but,  owing  to  a  few  mistakes  of 
his  passing  undetected  through  the  shops,  the  chief 
draughtsman  put  him  on  to  something  he  could  not  well 
spoil,  and  let  him  run  in  a  groove  for  an  indefinite  period. 
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His  parents  are  naturally  anxious  to  see  him  advanced, 
and  his  rich  uncle  in  London  is  again  appealed  to,  as  he 
possesses  a  large  number  of  influential  friends,  some  of 
whom  are  railway  directors,  Now  it  so  happens  that, 
just  at  this  very  time,  a  vacancy  occurs  on  one  of  the 
main  lines  for  a  locomotive  superintendent,  and  this  is 
how  it  came  about. 

The  late  superintendent  of  the  works  was  a  highly 
accomplished  man,  socially  as  well  as  professionally ;  one 
of  those  sharp,  intelligent,  bright-witted  people  we  some* 
times  meet  with.  He  had,  in  early  days,  served  a  five 
years*  apprenticeship  with  a  celebrated  firm,  but  had  no 
greater  opportunities  than  many  of  his  contemporaries. 
The  difference,  however,  lay  in  the  use  he  made  of  them. 
He  was  one  of  those  individuals  who  are  ever  on  the  out- 
look for  something  to  learn,  something  to  increase  their 
practical  experience  with  the  view  of  future  promotion, 
and  in  course  of  time  he  gradually  rose  until  he  reached 
the  top  of  the  tree. 

As  engineer-in-chief  at  the  works,  he  was  a  strict 
disciplinarian,  but  nevertheless  possessed  so  much  kind 
feeling  and  consideration  for  others  that  he  was  not  only 
highly  esteemed  by  men  immediately  around  him,  but  by 
all  who  had  the  pleasure  of  his  acquaintance.  In  addi- 
tion to  the  above  qualifications,  he  possessed  such  a 
modest  and  unassuming  character  that  no  one  would 
have  imagined  him  to  be  a  perfect  master  of  the  science 
and  practice  of  railway  engineering,  and.  the  responsible 
head  of  a  great  line. 

It  may  here  be  said  that  men  and  women  who  run  in 
grooves  have  their  views  of  scientific  or  other  matters 
much  narrowed.  To  remedy  this,  they  should  read  good 
general  literature  and  avoid  making  themselves  the  slaves 
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of  a  profession.  Much  study  is  never  more  wearisome 
than  when  unduly  prolonged  in  (mt  direction,  and,  as 
previously  remarked,  it  is  variety  in  thought  that  makes 
the  acquisition  of  knowledge  pleasantly  profitable,  and 
keeps  people  bright  and  springy.  Besides  this,  readers  of 
general  literature  frequently  learn  much  that  indirectly 
helps  them  to  comprehend  their  own  dry,  technical 
treatises  more  fully,  and  also  to  obtain  many  valuable 
ideas  which  may  often  be  utilised  in  various  ways.  Our 
locomotive  superintendent — Mr.  Fordyce — ^had  long  since 
found  this  out  for  himself,  and  thus  became  in  time,  not 
only  a  first  rate  engineer,  but  also  an  essentially  '*  happy 
man,"  with — ^to  all  appearance — a  bright  future  before 

him.    Ah !  poor  Mr.  Fordyce,  he  little  knew 

One  day  he  was  outside,  giving  directions  to  the 
foreman  of  the  ''running  shed,"  when  the  following 
announcement  was  handed  to  him : — 

'*  Serious  collision  near  BUnque  station ;  six  killed,  many  injured ;  send 
help  at  once.** 

Not  a  moment  was  to  be  lost;  the  foreman  got  his 
orders  straight  o£f,  and,  as  an  engine  happened  to  be 
passing  slowly  at  the  time,  the  superintendent  was  after 
it  in  a  twinkling.  While  trying,  however,  to  get  on  the 
steps  of  the  tender,  his  foot  slipped,  the  wheels  ran  over 
him,  and  in  a  second  nothing  was  left  but  a  few  mangled 
remains. 

There  was  great  sadness  throughout  the  establishment 
when  this  became  known.  Everyone  felt  he  had  lost  a 
highly  valued  friend,  whose  like  he  would  never  see  again, 
and  the  Company  a  most  able  and  efficient  officer,  who 
might  be  rather  difficult  to  replace. 
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Well,  now,  this  was  the  man  young  Hardinge  hoped  to 
succeed,  and  his  uncle  accordingly  brought  all  his  influ- 
ence to  bear  upon  the  proper  authorities  for  that  object. 
They  said  "he  was  young  and  inexperienced/'  but  the 
London  merchant  courteously  explained  to  them  that 
'*his  nephew  had  a  good  character,  was  steady,  and 
would  do  everything  he  could  to  make  himself  worthy  of 
the  post.'*  This  required  consideration  by  the  Board  of 
Directors,  so  also  did  the  fact  that  the  gentleman  who  was 
pleading  for  his  relative  influenced,  in  some  way  or  other, 
a  goods  traffic  of  many  thousand  tons  a  year  over  their 
railway.  At  last  they  consented,  and  Mr.  Hardinge  was 
duly  installed  as  Locomotive  Superintendent,  to  the  sur- 
prise of  those  who  knew  him  best,  but  to  the  delight  of 
himself  and  his  near  relations. 

For  a  time  things  went  on  smoothly,  because  he  ran 
upon  the  lines  of  his  predecessor,  and  had  the  late  chiefs 
staff  of  able  draughtsmen  and  foremen  to  keep  him  right. 
In  letters  to  his  friends,  he  said  ''  he  was  getting  on  much 
better  than  he  expected,"  in  short,  for  the  reasons  given, 
ever3rthing  seemed  to  go  swimmingly.  Manufacturing 
engineers  of  all  kinds  now  inundated  him  with  circulars 
and  catalogues,  which  shewed  in  glowing  colours  how 
this  "patent  piston  almost  annihilates  friction,  and  will 
save  twenty  per  cent,  in  fuel;'*  and  that  "patent  non- 
conducting composition  for  boilers  will  give  an  obvious 
economy  of  twenty-five  per  cent."  Then  came  a  flood  of 
"injectors,**  "slide  valves,**  "fire  bars,'*  so  on  and  so 
forth,  until  the  poor  man  could  only  arrive  at  the  logical 
conclusion  that  if  he  used  a  sufficient  number  of  these 
"improvements"  in  his  engines  he  could  run  them  for 
nothing,  and  thus  prove  to  the  directors  the  wisdom  of 
their  choice. 
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After  carefully  considering  the  various  merits  of  these 
inventions,  he  finally  decided  upon  scheming  out  for  him- 
self a  t3nre  fastening,  which  he  hoped  would  supersede  all 
others,  and  accordingly  introduced  to  the  engineering 
world  what  he  was  pleased  to  style  '^  Hardinge's  patent 
improved  tyre  fastening  for  railway  wheels." 

If  there  is  one  thing  more  than  another  that  causes 
those  knights  of  the  workshops — the  foremen — to  snigger 
and  smile,  it  is  when  they  discover  unpractical  ideas  in 
their  employers,  and  if  a  master  wants  to  stand  well  in 
the  opinion  of  these  gentlemen,  the  best  thing  he  can  do 
is  to  show  them  that  he  is  quite  as  good  as  they  are  in 
practical  knowledge,  and  perhaps  a  great  deal  better.  It 
is  therefore  needless  to  observe  that  Mr.  Hardinge  did  not 
come  up  to  this  standard  of  excellence  among  the  men  he 
was  placed  over,  because,  as  they  remarked,  ''he  was 
very  conceited,  and  knew  so  little."  All  the  stafif,  how- 
ever, had  to  do  as  they  were  told,  no  matter  what  the 
consequences  might  be,  and  although  some  of  them  might 
have  proposed  beneficial  alterations,  he  would  hardly 
listen  to  them,  chiefly  because  he  did  not  understand 
what  was  said  or  what  was  aimed  at. 

For  instance,  the  foreman  of  the  pattern  makers  would 
say  to  him,  "  Don't  you  think,  sir,  we  might  put  in  a 
little  more  metal  here?*'  or  ''make  this  a  wee  bit 
stronger  ?  '*  He  of  the  erectors  might  propose  a  simpler 
and  better  arrangement  than  was  shewn  on  a  plan,  but 
these  gentle  remonstrances  received  no  encouragement 
from  the  Superintendent,  because,  as  he  said, 

*'  You  have  the  drawings  to  work  to,  and  they  explain 
everjrthing,"  and  occasionally  he  would  observe,  ''  That 
is  the  way  we  used  to  do  it  in  Sharp  and  Stewart's." 

This  last  remark  was  a  crusher,  but  not  quite  applic- 
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able  on  account  of  altered  circumstances.  I  think  I  can 
see  these  worthy  lieutenants  smiling  and  sniggering 
among  themselves.  "Ah/*  says  one,  '*that  thing  will 
never  stand/' 

**  Yes,**  replies  another, ''  We'll  have  a  grand  smash  on 
the  main  line  one  of  these  fine  days,  but  that  is  his  look 
out." 

Now,  if  Mr.  Hardinge  had  been  a  sensible  man,  he 
would  have  given  his  invention  a  trial  on  some  goods 
engine,  just  to  see  how  it  stood  the  ordinary  wear  and 
tear.  Instead  of  this,  however,  he  selected  for  the  experi- 
ment a  splendid  seven-feet  wheeler  which  ran  the 
*'  flying  Welshman,"  and  away  she  started  with  the  **  Im- 
proved "  tyres  on  her  leading,  driving,  and  trailing  wheels, 
when,  just  as  the  train  was  rounding  a  large  curve  at  45 
miles  an  hour,  the  patent  fastenings  gave  way  on  one  of 
the  drivers,  and  it  was  thrown  off  the  line,  causing  there- 
by fearful  loss  of  life  and  limb,  and  the  general  destruction 
of  engine  and  carriages.  This  was  followed  in  due  course 
by  the  "  official  investigation,"  and  by  heavy  compensa- 
tion to  the  injured  people. 

Let  us  go  a  little  further,  and  imagine  that  the  system 

of  promotion  by  influence  were  adopted  by  all  other 
railways,  steamship  companies,  and  general  manufac^ 
turers,  it  will  then  be  easy  to  predict  what  would  happen. 
Breakdowns  of  mail  steamers,  and  foundering  of  others 
would  become  the  order  of  the  day.  Their  engines 
would  be  going  to  pieces,  their  boilers  would  be  bursting, 
and  everything  else  going  wrong.  Fearful  accidents  on 
the  main  and  other  lines  would  come  in  rapid  succession. 
Warehouses  and  other  buildings  would  be  falling  down 
on  account  of  weak  girders  or  columns,  in  short,  the 
destruction  of  property  would  be  so  overwhelming,  and 
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the  loss  of  life  so  frightful,  that  people  would  become 
afraid  to  travel.  The  stage  coach  would  be  resuscitated — 
the  *'  well-known  fast  sailing  schooners  *'  would  be  rapidly 
put  on  the  old  steamboat  stations — ^manufactures  would 
languish,  and  in  some  cases  die,  and  a  once  prosperous 
nation,  indeed  we  might  add — if  the  system  were  suffi- 
ciently extended  —  a  once  prosperous  world,  become 
reduced  to  misery,  destitution,  and  woe. 

Happily,  however,  under  the  present  system  of  pro- 
motion and  management  in  engineering  matters,  the  evils 
just  described  can  never  happen,  except  in  an  extremely 
limited  and  harmless  degree,  and  with  this  reassuring 
statement  we  end  our  chapter  of  horrors. 
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CHAPTER   XXII. 

STORY   OF   A    DISASTROUS   TRIAL    TRIP. 

Visit  from  a  Shipowner— ••  Ship  for  Sale"— Engaged  for  Trial  Trip- 
Handsome  fee — Off  to  Gravesend — Locomotives  and  Railway  Tra- 
velling past  and  present — Mr.  Coventry,  the  Agent — First  view  of 
S.S.  ••  Orinoco  **— Description  of  an  Engineer's  *•  Report  "—Beanty 
of  Ship— Disappointment — ^The  Captain — A  Coffin  Ship — ^Mystery 
about  the  Machinery — ^Vile  Workmanship — Chief  Engineer — Pre* 
parations  for  Starting — Something  wrong  in  the  Tnnnd. 

About  eight  o'clock  one  evening  in  November,  1885,  I 
was  comfortably  seated  before  the  fire  and  occupied  with 
the  perusal  of  an  amusingly  interesting  narrative  of  an 
event  that  happened  among  the  passengers  of  a  P.  and 
O.  steamer  in  the  olden  time.  I  had  gone  about  half  way 
into  the  story — so  charmingly  written  in  the  pages  of  my 
life-long  friend,  Chambers's  journal — when  a  feeling  of 
drowsiness  came  over  me,  and  I  put  down  the  book  for  a 
little.  It  may  be  mentioned  that  during  the  day  I  had 
been  extremely  busy  at  the  office,  and  my  head  had  been 
filled  with  ideas  relating  to  *'  columns,"  "  lattice  girders,** 
«  bowstring  bridges,*'  *'  diagonal  bracing,'*  and  so  on,  for 
an  iron  pile  pier  into  which  I  was  tr3nng  to  introduce  the 
greatest  strength  with  the  least  quantity  of  material.  The 
necessary  calculations  and  scheming  out  of  details  had 
kept  me  so  constantly  occupied  that  I  felt  somewhat 
tired,  and  had  just  closed  the  book  so  that  I  might  have 
about  forty  winks  when  a  visitor  was  announced. 

**  There's  a  gentleman  down  stairs  wishing  to  see  you 
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partiklerly,  sir/'  said  a  domestic,  handing  me  his  card,  on 
which  I  gazed  inquisitively. 

**WhatI  Randolph  Beliingham,  Prince's  Park 
Terrace  ?  "  I  mentally  exclaimed*  *'  I  have  met  that  man 
hundreds  of  times  on  the  street  and  elsewhere,  but  have 
never  spoken  to  him  in  my  life.  Dear  me,  how  strange  I 
and  yet  he  has  such  a  kind,  amiable,  benevolent  expres- 
sion. Now,  what  can  he  be  wanting  with  me  at  this 
time  of  the  day  ?  " 

*'  Ask  him  to  come  in,"  I  said  'to  my  attendant,  and 
immediately  afterwards  the  stranger  was  beside  me. 

*'  Oh ! "  said  that  gentleman,  on  entering  the  room» 
"  Your  face  is  quite  familiar  to  me,  I  have  seen  you  very 
often  down  in  town  for  years  past,  but  have  never  had 
the  pleasure  of  speaking  to  you  till  now." 

''That  is  exactly  what  I  was  thinking  of  you,  sir, 
when  I  saw  your  card ;  let  me  give  you  a  chair ;  I  am 
very  glad  to  see  you." 

"  Before  saying  an3rthing  about  the  object  of  my  visit/' 
he  continued,  *'  would  you  kindly  read  this  advertisement, 
which  only  came  to  my  notice  to-day,  and  which  I 
intended  to  see  you  about  this  afternoon,  had  I  not  been 
detained  at  Birkenhead  until  too  late  to  call  at  your 
office." 

With  me  jmt  impressions  are  very  strong.  In  this 
case,  however,  not  only  were  my  original  opinions  of  Mr. 
Bellingham  fully  confirmed,  but  I  found  that  he  also 
possessed  a  very  quiet,  easy,  and  attractive  manner. 
Judging  by  his  appearance,  you  would  have  fancied  he 
was  about  fifty  years  of  age,  but  he  might  have  been  a 
little  older,  because  happy  dispositioned  people  wear 
well,  and  amidst  all  their  troubles  and  worries,  pre- 
serve for  a  long  time  their  youthful  appearance.     Let 
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U8»  however,  look  at  the  advertisement,  which  reads  as 

follows : — 

"FOR  SALE, 

"Now  lying  at  GrntTesend,  the  very  superior  passenger  and  cargo 
steamer  '  Orinoco,'  built  and  engined  in  1884  by  a  very  celebrated  firm. 
Gross  register,  about  3,300  tons.  Length  extreme,  375  ft. ;  beam,  40  ft. ; 
and  depth  of  hold,  31  ft.  Built  under  Lloyd^s  special  supervision  and 
classed  100  Ai. 

"Engines:  Inverted  direct  acting  compound  sur&ce  condensing,  of 
400  nominal  horse  power.  Diameter  of  cylinders,  48  and  84  in.;  length 
of  stroke,  4  ft.  6  in. 

*' Three  double-ended  multitubular  boilers;  steam  pressure,  75  lbs. 
Five  steam  winches,  and  steam  steerii^  gear.  Speed,  14  knots  per  hour 
on  a  very  low  consumption  of  coal.  Can  be  used  either  as  a  first  class 
mail  steamer  or  as  a  fast  cargo  ship. 

"For  price  and  other  information,  apply  to  Quirk,  Gammon  8c  Co., 
666,  Leadenhall  Street,  London,  E.C." 

"And  now,"  observed  Mr.  Bellingham,  after  I  had 
perused  the  document,  "  I  may  as  well  inform  you  that  I 
am  at  present  greatly  in  want  of  a  ship  similar  to  this, 
and  had  decided  to  give  Denny  Brothers  an  order  for  one, 
but  as  time  is  of  the  utmost  consequence  to  us,  I  thought 
when  I  saw  the  advertisement  that,  if  the  vessel  suited,  I 
would  buy  her  at  once,  and  get  a  set  of  quadruple  engines 
made  for  her  while  she  was  away  on  her  voyage.  She  is, 
as  you  see,  lying  at  Gravesend,  and  what  I  wish  you  to 
do, — if  you  will  kindly  take  the  matter  in  hand, — is  to  go 
out  in  her  on  a  trial  trip,  minutely  inspect  everything 
about  the  ship,  engines,  and  boilers,  and  send  me  a  full 
report  of  your  expedition,  so  that  I  may  be  able  to  judge 
what  is  best  to  be  done  in  this  business.  Let  me  also 
request  you  to  accept  one  hundred  guineas,  which  I  think 
is  a  fair  remuneration  for  your  services.'* 

"  I  am  extremely  obliged  to '  you,"  I  replied,  "  but 
really  I  could  not  think  of  taking  so  much.  In  cases  of 
this  kind  my  usual  fee  is — " 
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'*Ohl  never  mind  what  your  usmL  fee  is/'  said  Mr. 
Bellingham,  smilingly ;  "  this  is  a  special  undertakingy 
which  involves  a  good  deal  of  care  and  trouble  on  your 
part»  and  I  therefore  cannot  allow  you  to  take  anything 
less." 

"  In  that  case  I  shall  be  very  happy  to  undertake  the 
work,  and  give  it  my  best  attention.  When  do  you  wish 
me  to  go  ?  ** 

"  To-night ;  there  must  be  no  time  lost ;  the  mail 
leaves  at  10*45,  ^^^  ^  think  you  will  have  plenty  of  time 
to  catch  it.  I  have  already  been  in  communication  with 
the  brokers  in  London,  and  they  have  agreed  to  send  their 
Mr.  Coventry  to  meet  you  at  the  Royal  Hotel,  Gravesend, 
to-morrow  morning  at  nine,  and  this  gentleman  will  do 
everything  he  can  to  assist  you.  We  intend  giving  the 
ship  a  run  of  twenty  miles  to  sea,  which  will  afford  a 
good  (^portunity  for  noting  the  action  of  the  machinery, 
the  speed  of  the  vessel,  and  also  her  general  construction 
and  arrangement." 

**Very  well,  sir,  I  shall  keep  a  sharp  look-out.  Is 
there  anything  else  you  can  think  of  that  might  facilitate 
matters  ? " 

"  Nothing  that  I  am  aware  of.  I  believe  I  have  men- 
tioned everything.  Mr.  Coventry  is  a  very  pleasant 
man,  and  you  and  he  will  get  on  nicely.  By-the-bye^ 
while  it  is  in  my  mind,  let  me  give  you  ten  pounds 
for  your  expenses,  and,  as  soon  as  the  trial  is  over, 
please  telegraph  to  my  office  in  India  Buildings, 
*  Satisfactory,*  or  '  Unsatisfactory,*  as  you  may  think 
proper." 

'*  How  strange  I  **  I  observed,  "  I  am  in  Canton  Build- 
ings, next  door  to  you;  we  therefore  represent  the  two 
largest  empires  in  the  world." 
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Mr.  Bellingham  smiled,  and  his  last  words,  as  we 
parted  at  the  outer  door,  were,  '*  Now,  you  will  be  sure  to 
go  off  by  the  10.45  ^^^^  ^  " 

'* Certainly,"  I  said,  ''unless  there  is  some  delay  at 
the  station.    Good  night,  sir." 

«  Good  night,  and  a  pleasant  journey  to  you." 

''  Upon  my  word  I "  I  thought,  as  the  door  closed  on 
my  kind  and  amiable  visitor,  **  these  shipowners  are  the 
finest  set  of  people  I  have  ever  seen.  I  have  always 
received  the  greatest  courtesy  from  them,  but  really  Mr. 
Bellingham  outshines  them  all.  What  a  charming  man, 
to  be  sure  I  So  frank — so  genial — so  bright- witted — so 
generous !  If  all  my  clients  were  like  him,  I  would  indeed 
be  happy." 

After  putting  a  few  things  together,  I  thought  of  the 
office,  and  immediately  wrote  on  a  postcard,  *<Off  to 
Gravesend,  on  urgent  and  important  business ;  will  return 
to-morrow  night." 

Giving  myself  twenty-five  minutes  to  catch  the  train, 
I  started  on  the  journey,  and  arrived  in  good  time  at 
Lime  Street  station.  One  of  my  favourite  occupations 
when  about  to  travel  any  considerable  distance  is  to  have 
a  good  look  at  the  iron  horse  which  is  to  drag  us  along. 
It  gives  one  more  confidence  in  the  speed  of  the  train, 
and  also  in  its  safety,  because  it  is  only  natural  that  the 
**  express  "  people  should  be  treated  with  greater  respect 
down  the  line,  and  have  their  interests  more  carefully 
looked  after,  than  if  they  were  a  lot  of  slow-going  excur- 
sionists. What  a  difference  it  makes,  too,  when  you  feel 
yourself  in  tow,  not  of  a  dirty,  old-fashioned,  ramshackle, 
crawling,  six-coupled  goods  engine,  but  a  magnificent 
racehorse  of  the  newest  t3rpe  I 

In  obedience  to  the  command,  '*  All  take  your  seats 
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for  London,"  I  entered  a  carriage  where  I  thought  I 
would  be  in  good  company,  and  in  a  few  moments  we 
were  off. 

To  the  general  public,  as  well  as  to  the  engineer, 
everything  connected  with  railways  must  be  most  inter- 
esting. Their  history  contains  a  great  deal  of  romance, 
many  amusing  anecdotes,  and  very  much  that  is  practi- 
cally and  scientifically  instructive. 

Those  who  remember  what  railway  travelling  was 
thirty  years  ago  will  at  once  recognise  the  immense 
advantages  we  now  possess  in  this  respect.  At  that 
time,  third-class  carriages  were  merely  cold,  cheerless, 
uncomfortable  boxes  on  wheels,  with  flat  tops,  which 
were  sometimes  crowded  with  passengers.  The  fares 
were  also  very  high,  and  the  speed  of  ordinary  trains 
much  less  than  it  is  now.  The  locomotives  of  the  period, 
as  well  as  the  carriages,  were  very  different  indeed  from 
those  we  now  employ,  as  the  steady  march  of  improve- 
ment has  gradually  worked  up  the  whole  railway  system 
to  its  present  high  pitch  of  excellence  and  cheapness  in 
transit,  while  the  early  £$^0  four-wheeled  engine —of  rude 
construction,  and  four  or  five  tons  weight  —  has  been 
superseded  by  six  or  eight-wheelers  of  the  highest  finish, 
costing  about  ;^a,5oo,  and  weighing  from  fifty  to  sixty 
tons,  or  even  more. 

The  English  style  of  locomotive  is,  with  slight  modifi- 
cations, almost  universal,  but  in  America  there  is  a 
marked  change  in  its  appearance  and  construction — the 
former  consisting  of  elaborate  adornments,  and  the  latter 
of  a  certain  amount  of  elasticity  in  the  framing  to  enable 
the  machine  to  adapt  itself  in  a  sinuous  manner  to  the^ 
inequalities  of  the  line.    To  these  we  must  add   the 
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» cowcatcher"  in  front  of  the  engine,  and  the  '* spark- 
catcher  "  outride  the  chimney^  which  form  such  dis- 
tinctive features. 

It  would  be  rather  difficult  to  say  when  a  locomotive 
dies,  or  departs  this  life,  on  account  of  long-continued 
renewals.  Our  own  noble  selves  are  completely  changed 
every  seven  years  by  means  of  a  constant  process  of 
disintegration  and  creation,  so  is  it  with  railway 
engines.  They  may  be  blown  up,  smashed  up,  and 
worn  out  in  parts,  but  a  new  boiler  here,  a  new  cylin- 
der or  crank  axle  there,  and  other  details  more  or 
less  repaired,  will  make  them  all  right  again.  Indeed, 
when  parts  are  interchangeable,  a  splendid  express  or 
goods  engine  may  be  formed  out  of  the  remains  of 
several  others  that  have  been  almost  annihilated  when 
on  duty. 

On  many  lines  in  America,  railway  travelling  is  some- 
what slow  and  tedious,  owing  to  the  irregular  nature  of 
the  permanent  way.  It  has  also  peculiarities  common  to 
the  New  World,  where  at  one  place  you  may  travel  for 
hundreds  of  miles  at  a  stretch  across  a  level  prairie,  and 
at  another  be  away  up  in  the  Rockies,  ii,ooo  feet  or 
so  above  the  sea,  climbing  steep  inclines,  or  running 
along  the  edge  of  precipices,  i,ooo  feet  deep.  Artemus 
Ward  says  that  on  one  occasion  he  suggested  to  the  con- 
ductor of  a  train  that  the  '*  cowketcher "  was  at  the 
wrong  end,  for,  as  he  observed, 

"  You  will  never  overtake  a  cow  you  know,  but  if  you 
put  it  at  the  other  end  it  may  be  useful,  and  prevent  those 
animals  from  walking  in  and  bitin*  folks." 

Hardy  Gillard,  of  panorama  celebrity,  tells  another 
story  of  the  Grand  Pacific  Line: — A  lady  and  her  son 
were  once  travelling  from  New  York  to  San  Francisco, 
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and  when  they  arrived  at  Chicago  the  collector  came 
round  to  examine  the  tickets  as  usual. 

''You'll  have  to  pay  for  that  boy,  ma'am/'  he  said, 
pointing  to  the  youth. 

"What  for?" 

"  He's  over  ten." 

*•  Wa'al,'*  replied  the  lady,  "  I  guess  he  wem't  ten 
when  we  started  t " 

At  three  minutes  to  nine  the  next  morning  I  entered 
the  Royal  Hotel,  Gravesend,  and  after  inquiring  for  Mr. 
Coventry,  was  at  once  shewn  into  the  coffee-room,  where 
I  found  that  gentleman  occupied  with  the  newspapers. 

"  Good  morning,  sir,"  he  blandly  said  on  recognising 
me,  ''  I  am  very  glad  to  see  you,  and  hope  you  had  a 
pleasant  journey." 

«  Very  much  so  indeed,  thank  you,"  I  replied. 

"  How  fortunate  we  have  been  in  our  arrangements," 
he  continued,  **  I  see  they  had  quite  a  gale  here  yester- 
day, but  the  wind  subsided  during  the  night,  and  now  it 
is  quite  calm.  We  shall  have  a  splendid  trip ;  everything 
is  in  readiness,  and  I  have  given  the  chief  engineer  orders 
to  have  steam  well  up  by  ten  o'clock.  After  breakfast, — 
which  will  be  here  immediately, — we  shall  go  out  to  the 
ship  in  a  boat,  and  start  at  once." 

This,  I  need  hardly  say,  was  very  cheering  news, 
physically  as  well  as  professionally,  because  the  morning 
air  had  given  me  an  excellent  appetite,  and  I  Was  there- 
fore in  splendid  condition  for  making  a  hearty  breakfast, 
to  which  in  a  moment  or  two  afterwards  we  sat  down. 
My  first  impressions  of  Mr.  Coventry  were  most  favour- 
able ;  he  evidently  was  a  man  of.  education,  and  had  also 
a  charming  way  of  "  putting  things  "  that  quite  interested 
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me.  ''  Ah,^  thought  I,  **  these  ship  people  are  gentlemen, 
every  inch  of  them,  and  set  an  excellent  example  to  some 
professionals  I  have  met  in  life." 

I  hoi  been  hungry,  but  now  I  was  not,  having  done 
ample  justice  to  the  good  things  provided  for  us,  and 
upon  offering  to  pay  our  united  costs,  kind  Mr.  C. 
exclaimed,  *'My  good  sir,  I  could  not  allow  you  to  do 
such  a  thing;  you  are  my  guest,  you  know,"  which  of 
course  settled  the  matter. 

Down  we  went  to  the  jetty,  jumped  into  the  boat 
which  was  waiting  for  us,  and  off  we  started.  As  we 
neared  the  *'  Orinoco,"  I  could  not  help  admiring  her  as 
she  lay  in  such  beautiful  trim  in  the  water.  Her  model 
was  exquisite,  and  a  very  pretty  bow  for  a  ship  of  her 
class,  and  also  a  handsome  elliptical  stem  made  me  take 
to  her  at  once.  In  addition  to  this,  her  barque-rigged 
masts,  well  proportioned  funnel,  clean  sides,  indeed  every- 
thing that  could  be  thought  of  to  make  the  vessel  look 
well  seemed  to  have  been  carefully  considered,  and  from 
what  I  could  see,  I  thought  Mr.  Bellingham  would  be 
fortunate  if  he  purchased  her.  Under  the  influence  of 
these  impressions,  I  was  already  conning  over  in  my  own 
mind  a  few  choice  opening  sentences  in  the  preamble  of 
my  "  Report." 

A  document  of  this  nature,  I  need  hardly  inform  my 
readers,  is  a  very  different  thing  from  newspaper 
*<  reports,"  those  at  least  which  are  given  in  the  evening 
publications  and  contradicted  next  day.  Whatever  other 
people  may  do  or  say,  an  engineer's  night  and  morning 
statements  must  agree,  but  to  accomplish  this  great  care 
is  necessary.  In  the  first  place,  he  must  be  true  and 
faithful  in  what  he  says,  he  must  also  describe  fully  and 
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accurately  what  he  sees  and  thinks,  and  in  a  very  inde- 
pendent manner,  too.  In  other  words,  as  free  of  bias  as 
possible,  or  the  inclination  to  say  a  thing  is  good  when  it 
is  not,  simply  to  please  a  client.  All  honourable  men 
act  in  this  manner,  but  human  nature  is  frail,  and  I  am 
afraid  that  in  spite  of  all  our  good  intentions  we  are 
sometimes  tempted  to  use  a  little  rose  colour  injudici- 
ously. 

Not  only  must  an  engineer  describe  accurately  what 
he  sees,  but  be  able  at  the  same  time  to  judge  correctly, 
so  that  his  client  will  have  a  fair  idea  of  what  he  proposes 
to  purchase,  and  also  whether  he  ought  to  do  so  or  not. 
It  will  therefore  be  seen  that  there  is  considerable  respon- 
sibility incurred  by  the  engineer  who  undertakes  such 
work,  which  in  some  cases  may  involve  very  heavy  out- 
lay, necessarily  or  unnecessarily,  on  the  part  of  the  indi- 
viduals or  Company  who  employ  him.  Take,  for  exam- 
ple, the  Manchester  Canal  scheme,  and  many  others  of 
lesser  magnitude. 

Besides  all  this,  after  the  facts  of  the  case  have  been 
carefully  collected,  they  have  to  be  arranged  in  a  simple, 
intelligible,  and  literary  style;  indeed,  an  accomplished 
engineer's  report  ought  to  be  quite  a  masterpiece  of 
elegant  language,  and  his  opinions  must  be  mildly  stated, 
just  in  the  same  way  as  one  Government  treats  another 
when  the  ultimatum  is  being  concocted. 

No  one,  for  instance,  would  ever  think  of  writing 
in  his  despatch  that  "  The  roof  fell  in  on  account  of  the 
stupid  blundering  of  its  ignorant  designer,"  when  the 
proper  style  should  be,  "  The  cause  of  failure  in  the  roof 
I  have  just  described  was,  in  my  opinion,  the  inherent 
weakness  of  the  fractured  tie-rod,"  or  ''  Want  of  unifor- 
mity in  the  strength  of  the  ruptured    plate  evidently 
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brought  about  the  explosion  of  the  boiler.*'  Even  at  the 
worst,  our  language  is  studiously  mild,  but,  underlying  an 
engineer's  euphemisms,  there  is  a  great  deal  that  people 
should  beware  of,  if  they  wish  to  profit  by  those  expres- 
sions which  refer  to  unpleasant  facts. 

The  anticipated  length  of  a  report  is  somewhat  delu- 
sive, and  depends  entirely  upon  the  nature  of  the  case, 
and  the  completeness  with  which  its  details  are  gone  into» 
but  whether  a  large  nifmber  of  foolscap  pages  are 
required,  or  only  one  sheet  of  letter  paper,  the  object  of 
the  writer  is  to  convey  as  much  information  as  possible 
in  few  words,  and  to  avoid  to  the  utmost  those  appa- 
rently vain  repetitions  the  lawyers  so  liberally  treat  us  to, 
such  as  '*and  the  said  Dashe  Blanque  doth  hereby  for 
himself,  his  executors,  administrators  and  assigns,  agree," 
&c.,  every  tenth  line.  After  the  document  is  fully  written 
out-— on  one  side  only — it  is  paged  at  the  bottom,  and 
securely  fastened  with  two  brass  clips  at  the  upper  left 
hand  corner.  After  this  is  done,  the  report  is  carefully 
folded,  endorsed  on  the  outside,  and  sent  off. 

To  return  to  my  own  proceedings :  During  the  time  I 
was  mentally  noting  the  external  appearance  of  the 
*'  Orinoco,"  as  we  approached  the  ship,  I  could  not  help 
expressing  my  opinions  somewhat  favourably  to  Mr. 
Coventry,  which  greatly  pleased  him. 

"  Yes,"  he  added,  *•  I  am  sure  she  will  suit  your  people 
exactly.    She  is  truly  a  splendid  vessel." 

When  we  got  on  board,  however,  I  was  considerably 
disappointed  with  what  I  saw.  The  deck  houses  and 
other  fittings,  which  looked  so  well  at  a  distance,  now 
appeared  coarse  in  quality  and  sloppily  put  together. 
The  rigging  was  in  a  very  bad  condition  in  many  places, 
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and  the  decks  looked  as  if  they  had  been  made  of  ill- 
seasoned  wood,  which  had  shrunk  very  much  under  a  hot 
sun,  and  then  been  clumsily  caulked.  As  we  walked 
slowly  along,  examining  ever3rthing  closely,  I  observed  a 
blunt,  burly  looking  fellow  swearing  away  in  awful  style 
at  one  of  the  sailors. 

*'Let  me  introduce  you,"  my  companion  remarked, 
"  Let  me  introduce  you  to  Captain  Vanderdecken,  he  is  a 
Dutchman  by  birth,  but  has  been  a  long  time  in  England, 
and  knows  this  ship  well,  having  been  three  voyages  in 
her  to  the  Cape  of  Good  Hope." 

We  bowed. 

'*Ver  glad  to  see  you,  sare,'*  said  the  commander, 
tr3ring  to  look  amiable,  *'  you  come  to  see  my  sheep  ? " 
Oh  yes/' 

Veil  den,  you  vill  find  her  von  shplendid  sheep— 
gr-r-and  sea  botte,  ver  fine  engines,  ver  high  speed,  vat 
vill  you  vish  for  more  ?  " 

I  did  not  answer  the  question,  but  under  Mr.  Coven- 
try's guidance  extended  my  survey  to  the  lower  regions. 
Here,  too,  as  on  the  upper  deck,  I  was  again  disap- 
pointed, as  all  the  doors,  floors,  bulkheads,  and  general 
fittings  were  thrown  together  in  such  a  sloppy,  scamped, 
and  disreputable  manner  that  I  at  once  became  suspicious 
of  everything. 

'<  Good  gracious  I "  I  thought,  "  Laird  Brothers  would 
have  eaten  their  very  heads  oS  sooner  than  have  sent  out 
such  a  floating  coffin." 

Mr.  Coventry  gazed  at  me  inquisitively,  and  I  won- 
dered what  his  opinion  was,  but  did  not  ask  him. 
Perhaps  he  had  an  idea  that  I  did  not  know  much 
because  I  said  so  little,  probably  he  fancied  that  I 
approved  of  everything  upon  the  principle  that  "  silence 
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gives  consent,"  but  his  ignorance  was  bliss.  The  fact 
was  that  I  saw  and  relentlessly  noted  in  my  own  mind 
ever3rthing  before  me,  but  refrained  from  saying  anything 
that  might  hurt  his  feelings,  in  consideration  of  the  kind- 
ness and  courtesy  I  had  already  received  from  him. 
Another  reason  was  that  he  only  acted  as  the  irrespon- 
sible agent  for  the  brokers,  and  therefore  it  was  no  use 
saying  unpleasant  things  without  some  definite  object  in 
view.  The  conclusion  I  had  come  to,  however,  so  far  as 
I  had  gone,  was  that  I  would  give  Mr.  Bellingham  a 
sweepingly  condemnatory  report  of  the  vessel,  and  thus 
stop  all  further  proceedings,  but  this  my  telegram 
**  unsatisfactory  "  would  partially  forestall. 

'*  I  think  we  better  go  down  to  the  engine-room  now,** 
said  Mr.  Coventry.     I  thought  so  too,  so  away  we  went. 

On  reaching  the  starting  platform  I  could  not  help 
admiring  the  machinery,  as  everything  looked  so  smart, 
so  trim,  so  bright.  The  connecting  rods,  and  all  the 
other  gear  I  was  so  familiar  with,  were  highly  finished, 
and  were  indeed  splendid  works  of  art,  so  far  as  I  could 
see  at  least,  but  upon  gazing  inquisitively  round  the 
engine-room  I  was  unable  to  discover  any  name  plate 
with  the  maker's  name  and  date  of  manufacture.  Now,  if 
I  could  only  have  found  this  "missing  link,"  with  the 
usual  £g3rptian  block  letters  so  arranged  upon  it  as  to 
indicate  that  "  Caird  &  Co.,'*  "  Maudslay,  Sons  &  Field," 
or  any  other  well  known  firm,  had  been  the  builders,  I 
should  have  felt  complete  confidence  in  the  excellence  of 
the  work  before  me.  I  fancied,  however,  the  plate  had 
been  taken  down  for  repairs,  or,  perhaps,  had  been  for- 
gotten by  the  engineers. 

«  Who  made  these  engines,"  I  said  to  Mr.  C. 

'*  Oh ! "  replied  that  gentleman,  '*  they  are  made  by  a 
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very  eminent  Northern  firm  whom  I  know  intimately^ 
but — tut,  tut— dear  me  I  I  can't  for  the  life  of  me,  remem- 
ber their  name  at  present.*' 

"  Don't  trouble  yourself,"  I  said,  "  you  will  remember 
it  by-and-by  without  any  exertion." 

I  thought  this  strange,  so  at  once  began  to  investigate 
for  myself,  and  very  soon  discovered  that  underneath  this 
fair  exterior  there  was  a  great  deal  of  vile  fitting.  In 
other  words,  things  were  loose  when  they  should  have 
been  tight,  and  stiff  when  they  ought  to  have  been  easy. 
It  happened,  however,  that  the  cover  of  the  crank  shaft 
after-bearing  had  been  taken  ofif,  and  was  lying  on  the 
floor,  so  also  were  the  nuts  belonging  to  the  main  bolts. 
Down  I  went  therefore  to  the  lower  regions  to  have  a 
look  at  them.  The  cover  was.  right  enough  to  be  sure, 
but  upon  trying  the  nuts  on  the  holding-down  bolts  I  was 
so  shocked  to  find  the  screws  loose  and  shaky,  that  I 
could  not  help  mentally  exclaiming — 

**  Can  it  be  possible  that  any  decent  engineering  firm 
could  send  out  such  atrocious  work?  If  this  ship  ever 
runs  close  to  a  lee  shore  in  a  gale  of  wind  I  would  not 
give  a  sixpence  for  her  safety.  Napier  and  Laird  would 
have  closed  their  establishments  sooner  than  make  such 
things."  This  discovery  made  me  still  more  suspicious 
about  everything  I  could  not  see,  so  I  returned  to  the 
starting  platform,  where  I  met  the  chief  engineer,  who 
had  all  this  time  been  looking  after  the  boiler-room 
arrangements. 

**  Remarkably  fine  pair  of  engines,  sir,"  he  said»  upon 
ascertaining  who  I  was,  —  ''never  saw  anything  work 
smoother  in  my  life." 

«« Who  made  them  7 "  I  asked. 

"They  are  made  by  a  first-rate  firm  in  the  North, 
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but" — ruoning  his  hand  through  his  hair — "drat  it  all,  I 
can't  remember  their  name  just  now ;  it  will  come  into 
my  head  in  a  little  I  have  no  doubt." 

Upon  observing  some  of  the  other  ••hands"  going 
about,  I  shouted  in  a  clear,  ringing,  and  somewhat  angry 
tone — ^"  Do  any  of  you  know,  can  any  of  you  tell,  who 
made  these  engines  ?  "  but  they  were  all  speechless. 

Taking  one  thing  with  another,  I  was  fairly  puzzled 
while  trying  to  find  out  what  all  this  jugglery  meant. 
The  steam  was  getting  well  up,  so  Mr.  Coventry  proposed 
that  we  should  start  at  once. 

•«  Just  about  time,"  I  said.  ••  It  is  now  eleven  o'clock, 
and  we  have  much  to  do.'* 

The  ••  chief  "  now  began  to  warm  up  his  cylinders  by 
letting  steam  into  them  gently,  but  upon  seeing  the  main 
bearing  cover  still  l3ang  on  the  floor  below,  I  was  just  on 
the  point  of  shouting  out — *«  Haven't  you  got  that  cover 
screwed  up  yet  ?  "  when  I  checked  myself,  as  it  was  not 
etiquette  for  a  visitor,  however  interested  he  might  be,  to 
give  orders  on  board  a  ship.  I  now  had  a  turn  through 
the  tunnel  to  see  what  I  could  see,  and  with  the  intention 
of  treating  the  boiler-room  in  the  same  way  later  on. 
Here,  however,  I  was  agreeably  surprised.  Everything 
looked  smart,  clean,  tidy  —  the  cooling  cocks  and  pipes 
were  in  good  order,  so  also  was  the  lifting  gear  overhead. 

•*  Very  nice  indeed,  so  far  as  can  be  seen,"  I  thought. 
••As  for  the  bearings,  they  are  the  only  specimen  of 
Whitworth  fitting  I  have  discovered  in  the  ship— perhaps 

just  a  little — quite  a  wee  bit  too ."    It  was  only  an 

idea  that  flashed  across  my  mind,  hardly  worth  mention- 
ing at  the  time,  but  nevertheless  a  source  of  unexpected 
trouble  afterwards. 
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CHAPTER    XXIII. 

END    OF    THE    FATAL    TRIAL    TRIP. 

Ship  off  at  Last — Slow  speed  of  Engines — ^Mr.  Coventiy's  promise — 
Increased  Velocity — Bad  working  Engines — Suspicions  aroused — 
Stady  of  Characters  in  the  play — High  speed,  and  effect  on  hull — 
Heated  bearings  in  Tannel — ^The  Remedy—Painlnl  discoveries  in 
Engine  room— Terror-stricken  "Chief" — Dreadful  Smash,  and 
Boiler  Explosion — Loss  of  the  *' Orinoco  "—Reflections  upon  the 
event — Practical  Lessons. 

Thb  engines  had  now  started  slowly,  and  we  were  fairly 
off  from  Gravesend,  but,  with  the  exception  of  thumping 
and  bumping  and  jolting  in  various  places,  which  I  had 
already  predicted,  there  was  nothing  special  to  comment 
upon ;  the  chief  engineer,  too,  seemed  quite  pleased  with 
everything.  After  we  had  been  going  on  at  this  rate  for 
about  an  hour,  I  said  to  Mr.  Coventry — 

"  Can't  we  go  ahead  full  speed,  now  that  we  are  well 
out  ?  " 

«« Certainly,"  said  he,  '•  I  will  tell  Mr.  Davenport  to 
put  on  full  steam  at  once ;  I  am  glad  you  mentioned  it.*' 

Another  half  hour  passed,  but  there  was  so  little 
improvement  that  I  again  ventured  to  approach  Mr.  C. 
on  the  subject.  "Dear  me!"  he  remarked,  "what  a 
stupid  man  that  engineer  must  be ;  I  told  him  distinctly 
to  go  ahead  full  speed.  He  must  have  forgotten  it,  surely. 
I  will  go  and  look  after  things  myself  now,"  and  away 
he  went  to  give  orders  in  the  boiler-room,  but,  curiously 
enough,  I  never  saw  him  again.  I  am  naturally  of  a 
sensitive  disposition,  and,  on  the  spur  of  the  moment, 


3d4  ENGINEERING,  POPULARLY        chap.  xxiiL 

somewhat  prone  to  imagine  evils  that  do  not  exist,  and, 
as  my  companion  thus  expressed  himself,  there  was  some- 
thing in  his  manner  that  rather  surprised  me.  I  tried, 
however,  to  dismiss  the  idea  from  my  mind,  but  was  it  a 
fancy  7    We  shall  see. 

The  engines  now  went  ahead  in  grand  style.  They 
had  been  running  all  the  time  at  about  40  revolutions  per 
minute,  but  that  had  been  increased  to  60,  and  if  they 
had  kept  to  this  speed  I  would  have  been  quite  satisfied, 
but,  somehow  or  other,  it  increased  rapidly.  In  a  short 
time  the  revolutions  had  gone  up,  first  to  70,  then  to  80, 
and  now  they  were  100  per  minute,  and  manifested  no 
intention  of  stopping  there  either. 

The  clattering  and  thumping  of  ever3rthing  had  become 
so  great  that  for  the  last  time  I  thought  of  my  report, 
which  I  had  decided  should  be  very  brief^  but  crushing  in 
its  arguments  against  Mr.  Bellingham's  purchase  of  the 
vessel.  One  ray  of  light,  however,  indicated  to  me  that  I 
would  thus  clearly  shew  him  that  my  hundred  guinea  fee 
had  been  well  earned,  and  that  my  professional  assistance 
would  save  him  from  utterly  throwing  away  a  good  many 
thousand  pounds. 

I  next  turned  over  in  my  own  mind  all  that  had 
occurred  since  I  left  Liverpool,  and  in  the  following 
manner. 

"  Mr.  Bellingham  is  an  honest,  straightforward,  and 
thoroughly  reliable  gentleman;  no  mistake  about  ikak. 
Mr.  Coventry  is— well,  I  did  think  he  was  the  same,  when 
I  first  saw  him,  as  his  kindness  and  amiability  pre- 
possessed me  entirely  in  his  favour;  but  now  I  think 
difierently  of  him.  At  this  very  moment  I  have  reason  to 
believe  that  he  is  not  only  most  plausible  in  his  speech, 
but, — what  is  worse, — cunning  and  deceptive  in  his  acts, 
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and  I  am  sure  of  this  from  what  I  have  already  seen. 
The  chief  engineer  seems  to  be  of  the  same  breed,  and 
evidently  knows  very  little  about  his  engines  or  their 
management.  Captain  Vanderdecken  is  entirely  beneath 
my  notice,  and  as  for  the  other  hands,  they  are  *  duffers,* 
every  one  of  them."  The  only  conclusion  I  could  come 
to  after  summing  up  these  unpleasant  facts  was,  that  all 
on  board  were  a  pack  of  artful  deceivers,  and  totally 
unworthy  of  the  slightest  consideration. 

The  speed  of  the  engines, — now  increased  to  180 
revolutions  per  minute, — was  extremely  disagreeable  for 
the  ship,  if  for  no  one  else,  as  the  unfortunate  vessel  was 
quivering  violently  from  stem  to  stem,  and  seemed  as  if 
she  were  going  to  pieces.  A  man  who  looked  down  the 
skylight  told  me,  on  being  questioned,  that  our  speed  was 
"  31  knots  an  hour,  sir,"  but  strange  as  it  may  appear,  I 
did  not  consider  it  very  remarkable,  because  at  this  time 
my  mind  was  fixed  more  upon  the  machinery  than  any- 
thing else,  and,  even  when  I  came  to  reason  out  the 
matter,  I  concluded  that  such  a  high  velocity  was  only 
the  natural  result  of  certainly  a  most  extraordinary  cause, 
which  I  investigated  in  this  way : — 

"  If  our  steamer  can  run  fourteen  knots  at  sixty  revo- 
lutions, she  ought,  theoretically  speaking,  to  go  forty-two 
knots  an  hour  at  one  hundried  and  eighty  per  minute,  but 
inasmuch  as  retarding  forces,  such  as  increased  resistance 
of  the  water,  augmented  slip  of  the  propeller,  and  '  skin 
resistance '  of  the  hull  have  to  be  allowed  for,  we  cannot 
take  off  less  than  about  eleven  knots,  which  will  bring 
down  the  velocity  to  thirty-one,  as  the  man  has  just  said." 

The  suspicions  that  had  been  aroused  on  my  visit  to 
the  tunnel  were  now  awakened^  so  I  immediately  entered 

it  just  to  see  how  things  were  working,  but  the  moment  I 
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did  so  was  received  with  a  blast  of  steam  which  quite 
took  my  breath  away. 

"Good  gracious  1"  I  said  to  the  hand  nearest  me, 
'*  where  is  all  this  steam  coming  from  ?  " 

"  The  bearin's  is  heatin',  sir,  and  we're  pourin'  water 
on  *em  to  cool  *em.** 

Not  caring  one  pin  what  the  engineer  said,  I  shouted 
*'A11  hands  stand  by  the  bearings,  open  every  cooling 
cock  in  the  place  full  bore,  and  flood  the  ship  rather  than 
crack  those  plummer  blocks  or  break  the  shaft." 

They  obeyed  my  orders — the  ship  was  flooded — dense 
volumes  of  steam  prevented  us  from  seeing  anything, 
nevertheless  we  felt  our  way  cautiously,  and  all  danger 
was  over,  so  far  as  we  were  concerned.  On  returning  to 
the  engine  room,  however,  what  a  spectacle  met  my  aston- 
ished gaze  I  never  in  my  life  will  I  forget  it.  The  whole 
place  appeared  in  semi-darkness,  which  was  only  illu- 
mined by  a  lurid  glare  which  enabled  me  to  reach  in 
safety  the  foot  of  the  engine  room  entrance  ladder.  From 
this  commanding  spot  I  could  see  ever3rthing.  The  crank 
shaft  bearings  were  luminously  hot,  the  piston  rod  guides 
frightfully  grooved  and  giving  off  showers  of  sparks,  the 
cylinder  lagging  was  in  a  blaze,  and  red  hot  steam  blow- 
ing off  at  the  stuffing  boxes,  owing  to  the  packing  having 
been  burnt. 

The  engines  seemed  to  have  reached  their  very  highest 
speed,  and  were  tearing  away  as  if  **  Clootie  "  himself  had 
got  hold  of  them  and  was  driving  us  all  to  Inferno,  amidst 
the  most  unearthly  noises  and  smells  I  had  ever  experi- 
enced. It  seemed  as  if  marvels  would  never  cease  on 
board  the  *'  Orinoco/'  and  I  wondered  if  we  were  going  to 
have  the  **  Amazon  "  story  over  again  ? 

Just  as  I  was  thinking  of  going  on  deck,  the  "  chief*' 
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came  to  me  with  a  terror-stricken  countenance,  and  said, 
*'  I  think,  sir,  we  better  slow  the  engines,  or  we  may  have 
a  breakdown.  I  would  have  done  so  long  ago,  but  had  to 
obey  Mr.  Coventry's  orders." 

'*  Certainly,"  I  replied,  "  stop  them  at  once,  they  have 
done  enough  of  mischief  already,  and  may  do  more." 

No  sooner  did  he  touch  the  stop  valve  gear  than  the 
high  pressure  connecting  rod  snapped  through  the  middle, 
and  at  the  same  time  the  piston  and  cylinder  cover  were 
smashed  to  atoms,  while  the  lower  half  of  the  rod  broke 
into  the  condenser,  cracked  the  bed  plate,  and  finished  up 
by  punching  a  hole  in  the  bottom  of  the  vessel,  through 
which  the  water  came  in  like  a  flood,  and  all  in  a  twink- 
ling, too ! 

In  spite  of  the  dense  volumes  of  steam  by  which  I  was 
surrounded,  I  succeeded  in  reaching  the  deck,  only,  how- 
ever, to  have  another  startling  experience.  The  whole  of 
the  waist  of  the  ship  was  in  a  blaze,  and  the  vessel,  even 
at  reduced  speed,  was  positively  flying  through  the  water, 
far  out  of  sight  of  land.  I  had  just  gazed  for  a  moment  in 
a  horror  stricken  manner  at  the  awful  scene,  when  one  of 
the  boilers  exploded  and  blew  out  the  side  of  the  steamer, 
which  in  a  few  moments  foundered. 

Down  she  went,  sucking  me  after  her— -down-^own — 
down;  it  seemed  like  a  hundred  thousand  fathoms,  and 
yet  I  could  not  reach  the  bottom.  With  fortunate 
presence  of  mind,  I  struggled  for  life,  and  striking  out  to 
the  right  and  to  the  left,  at  last  came  to  the  surface ;  but 
as  I  did  so,  received  a  tremendous  blow  on  the  forehead 
from  a  piece  of  timber  which  had  come  up  with  me. 
While  feeling  about  in  a  stunned  manner  for  somethiilg 
to  keep  me  afloat,  I  found  what  I  thought  might  help  me 
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in  the  darkness  by  which  I  was  enveloped ;  indeed,  it  was 
the  only  thing  within  reach,  and,  although  soft  and  flabby, 
it  was  still  better  than  nothing.  Returning  consciousness 
enabled  me  to  make  a  closer  examination  of  my  position, 
and  I  could  hardly  express  my  emotion  when  I  found  that 
what  I  had  in  my  hand  was  nothing  less  than  my  dear 
old  friend  Chambers*s  journal !  who  had  come  to  my  rescue 
in  the  ocean,  as  it  had  done  so  often  on  board  ship  in 
youthful  days. 

"  But  stop  a  moment,"  I  said,  upon  further  considera- 
tion, <<  Am  I  at  sea  at  all  ?  Dear  me  1  is  it  possible  ?  Can 
I  believe  my  eyes?  for  surely  I  can  discern  things  not 
usually  to  be  found  on  the  bosom  of  the  Atlantic.  I  see  a 
gasalier,  and  the  walls  of  a  room  covered  with  pictures, 
and  a  fire  place  right  in  front  of  me  ! !  " 

''  Where  am  I  then  ?  *'  I  thought,  and  immediately  the 
whole  truth  flashed  upon  me.  The  vividly  realistic  and 
active  scenes  I  had  been  engaged  in  were,  after  all,  merely 
a  wild  creation  of  the  brain — in  short,  what  is  commonly 
called  a  dream !  This  discovery  gave  me  intense  relief, 
and  thankfulness  that  I  was  still  in  the  land  of  living. 

The  hundred  guinea  fee  was,  of  course,  lost,  and  as 
for  the  remains  of  the  ;^io  Mr.  Bellingham  had  so  kindly 
given  me  for  expenses — well,  they  could  not  be  found,  but 
under  the  circumstances  I  felt  no  regret.  It  was  also 
consoling  to  find  that  I  would  have  more  time  next  day 
for  pushing  on  with  the  iron  pier  and  bowstring  bridge  in 
which  I  was  so  interested. 

Ten  o'clock  had  just  struck,  and  upon  thoroughly 
rousing  myself  up,  the  whole  truth  flashed  upon  me. 

When  I  sat  down  about  7.30  in  a  chair  before  the  fire 
to  read  the  P.  and  O.  story,  I  felt  somewhat  drowsy,  and 
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my  excellent  mother — who,  through  a  long  lifetime,  has 
studied  my  welfare-^said  to  me,  •*  Don't  tax  your  brain 
too  much  by  reading  that  book,  you  have  had  a  very  busy 
day,  take  rest  when  you  can  get  it." 

I  said,  "  The  story  I  was  reading  was  quite  a  pleasant 
relief  after  the  office  cares,  and  that  rest  with  me  lay  in 
changt  of  employment."  However,  in  a  few  minutes,  I 
reluctantly  laid  down  the  book  on  my  knee  in  deference 
to  her  wishes,  and  was  left  to  sleep  undisturbed  for  two 
whole  hours.  At  the  end  of  that  time  I  must  have  moved 
in  some  way  or  other,  as  it  now  appeared  that  I  had  fallen 
ofif  the  chair  and  knocked  my  head  against  the  mantel- 
piece, which  of  course  aroused  me.  I  then  picked  up 
Chambers's  Journal^  which  was  lying  on  the  rug,  and  this 
explained  what  seemed  to  have  been  my  last  struggles  in 
the  sea.  Here,  then,  was  the  solution  of  the  mystery,  and 
this  is  how  I  spent  my  hours  of  sleep,  and — "  rest  I " 

Let  me  only  add,  that  with  the  exception  of  the 
remarks  upon  an  engineer's  report,  which  are  quite  cor- 
rect, and  also  those  upon  railway  traveUing,  which  are 
equally  so,  this  "  Story  of  a  Disastrous  Trial  Trip  "  is  merely 
an  imaginary  scene,  that  is  to  say  if  collectively  taken, 
but  if  looked  at  from  an  analytical  point  of  view,  it  is  not. 
Though  somewhat  fanciful  in  construction,  it  has  never- 
theless a  great  many  veins  of  truth  and  threads  from  my 
own  experience  interwoven  with  it,  and  may  therefore  be 
considered  a  fair  illustration  of  the  manner  in  which  the 
inexplicable  machinery  of  the  mind  is  sometimes  actuated 
during  the  hours  of  sleep. 

When  office  work  is  not  harassing  through  outside 
pressure,  an  engineer  can  sleep  as  well  and  as  soundly 
as  those  gentlemen  the  great  Caesar  liked  to  have  about 
him.    There  are  occasions,  however,  when  he  is  called 
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upon  by  a  client  to  design  something  of  a  perplexing 
nature  as  rapidly  as  possible.  No  time  must  therefore  be 
lost,  and  all  the  resources  of  past  experience  have  to  be 
suddenly  utilized  to  tide  him  over  the  difficulty.  For  this 
reason  he  has  sometimes  to  make  the  drawings  himself 
to  save  time,  instead  of  instructing  assistants  to  do  so, 
which  thus  entails  very  active  mental  employment.  If, 
however,  it  is  anxiously  continued,  not  only  during  the 
day,  but  through  the  evening,  and  into  the  small  sized 
hours  of  the  morning,  the  mind  becomes  somewhat 
strained,  and  upon  going  to  bed  in  the  early  dawn  the 
engineer  may  take  his  plans  and  calculations  with  him, 
and  during  the  watches  of  the  night  be  busily  running 
over  them  all.  Such,  indeed,  has  been  my  own  experi- 
ence when  unduly  pressed. 

For  example,  after  going  to  bed  with  the  intention  of 
sleeping,  I  have  had  what  you  might  call  a  rough  night, 
or  morning  of  it,  having  been  engaged  all  through  the 
state  of  somnolence  in  making  calculations,  designing  and 
drawing  plans,  and  so  on.  The  worst  of  it  was,  that  the 
cantankerously  unmanageable  things  never  would  come 
right,  and  no  matter  what  I  did,  every  effi>rt  failed. 
Calculations  would  persist  in  being  wrong,  colours  would 
not  go  on  a  drawing  properly,  and  nothing  I  could  think 
of  was  either  feasible  or  workable.  There  was  always 
something  missing  that  had  to  be  found,  something  incor- 
rect, something  unattainable,  and  I  was  glad  enough  to 
find  on  awaking  that  it  had  all  been  a  dream. 

This  unpleasant  state  of  things  appears  to  have  been 
the  lot  of  Napier's  shipbuilding  manager  for  weeks  before 
the  launch  of  H.M.S.  "Black  Prince,"  owing  to  heavy 
responsibility  and  the  local  difficulties  by  which  he  was 
beset.      Indeed,   undue  professional  anxiety  concerning 
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new  and  complicated  schemes,  may  do  much  mischief  to 
those  engaged  upon  them,  and  of  this  we  have  only 
recently  had  a  tragic  example. 

Although  to  superficial  thinkers  the  subject  of  dreams 
may  be  imworthy  of  notice,  it  nevertheless  possesses 
features  which  deserve  consideration.  An  ancient  writer 
has  sakl  that — '*  There  is  as  much  temerity  in  never  giving 
credit  to  dreams,  as  there  is  superstition  in  always  doing 
so.  .  •  .  Treat  them  as  you  would  a  known  liar,  who 
usually  tells  falsehoods,  but  sometimes  speaks  the  truth.** 
This  has  been  frequently  confirmed  in  modern  times,  by 
people  who  have  been  urged  to  act  contrary  to  their  own 
judgment  in  important  movements  by  means  of  these 
premonitions,  and  the  result  has  been  variously  beneficial. 

One  of  the  titled  families  of  England  owes  its  immense 
wealth  to  the  dream  of  one  of  its  ancestors  who,  when 
captain  of  a  frigate,  during  the  Peninsular  War,  was  thus 
compelled  to  disobey  Admiralty  instructions. 

The  most  extraordinary  event,  however,  of  this  kind 
happened  to  a  ship  that  sailed  many  years  ago  from 
Liverpool  to  Valparaiso.  She  had  a  fine  passage  as  far 
as  the  Falkland  Islands,  when  one  night  the  commander 
was  powerfully  forewarned  in  his  sleep  that  if  he  rounded 
Cape  Horn  they  would  all  be  lost.  The  idea  clung  to 
him  in  spite  of  every  efifort  to  throw  it  off,  and  he  was 
obliged  to  return  to  the  Mersey.  The  vessel  was  sent  off 
again  with  another  captain,  but  to  this  day  no  one  knows 
what  became  of  her. 

My  own  experiences  have  been  peculiar.  During  the 
hours  of  sleep  I  have  sometimes  taken  part  in  the  most 
vividly  realistic  scenes,  a  few  of  which  have  been  dreadful. 
Locked  up  in  the  cabin  of  a  steamer,  I  have  stood  alone 
with  murderers,  and  the  last  moment  had  come.     I  have 
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clung  in  despair  to  the  narrow  ledge  of  a  lofty  precipice 
with  instant  death  awaiting  me,  and  I  have  had  the 
honour  of  going  down  with  a  foundering  ship.  Such 
events  can  never  be  forgotten,  neither  can  the  marvel- 
lously simple  means  used  in  each  case  for  obtaining 
help  in  those  moments  of  extreme  peril.  To  my  intense 
relief,  the  murderers  were  changed,  as  by  the  lightning's 
flash,  into  statues — the  precipice  gradually  melted  away 
to  level  ground — and  when  the  ship  had  sunk  I  was 
safe  at  the  mast  head. 

Although  in  one  thousand  instances  dreams  may  have 
no  significance,  the  ominous  one  thousand  and  first 
may  bring  prosperity  or  adversity,  and  may,  indeed, 
kill  or  save,  according  to  circumstances.  Those  men- 
tioned above  have,  however,  proved  a  lasting  source  of 
encouragement  to  myself,  and  have  also  occasionally  fore- 
shadowed what  has  actually  happened  in  daily  life. 

There  is  nothing,  perhaps,  more  surprising  than  the 
unexpected  and  unaccountable  manner  in  which  people 
in  difficulties  sometimes  have  their  way  opened  out,  and 
things  in  darkness  made  plain — after  many  fruitless 
efforts — by  means  of  ideas  caught,  they  cannot  tell  how ; 
by  people  met  they  did  not  even  think  of;  and  not 
un  frequently,  through  the  action  of  the  mind  during  the 
period  of  rest^  when  the  engineer  is  sometimes  most 
intensely  occupied — as  we  have  tried  to  show  in  this 
chapter. 
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CHAPTER  XXIV. 

HOW   I    COMMENCED    PRIVATE    PRACTICE. 

Birkenhead  Iron  Works  in  1867 — Dull  times — Idle  Engineers  in  London — 
Crisis  in  1872 — Retirement  from  the  Works — First  movements  in  a 
new  direction — Advice  of  friends — Serious  obstacles — The  Generous 
C.E. — Success  at  Last — Cause  of  difficulties  in  Private  Practice — 
Hints  to  those  intending  to  enter  upon  it — Index  Books  and 
Engineering  Literature. 

During  my  long  stay  in  the  Birkenhead  Iron  Works,  we 
had  two  periods  of  great  depression,  the  first  of  which 
was  in  the  year  1867,  and  the  second  in  1872.  In  the 
former  case,  we  had  been  gradually  working  every  order 
out  of  the  place,  until  there  was  very  little  indeed  to  be 
done,  and,  what  was  worse,  nothing  coming  in. 

The  report  came  that,  in  London  alone,  a  great 
number  of  draughtsmen  were  unemployed,  and,  soon 
afterwards,  one  of  them  was  taken  into  our  office  after 
eighteen  months  of  compulsory  idleness.  This  intelli- 
gence made  us  feel  uncomfortable,  because  everyone 
would  have  felt  very  sorry  to  leave  such  an  excellent  and 
hitherto  most  steady  establishment.  Quite  apart  from 
the  dulness  which  pervades  active  minds  when  employ- 
ment fails,  there  is  always  the  dread  on  such  occasions  of 
being  idle  for  a  very  indefinite  period,  and  with  one's 
income  stopped,  and  no  private  means,  this  is  doubly 
severe. 

Just  when  things  had  come  to  the  worst,  as  we 
thought,  an  order  was  received  for  a  great  ironclad  for 
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the  English  Government,  which  set  us  on  our  feet  again, 
and  soon  afterwards  other  contracts  came  in,  and  we 
were  kept  busy  for  years. 

In  1872,  we  had  another  very  dull  period.  Vessels 
were  launched,  completed,  and  sent  away,  one  after  the 
other,  but  hardly  any  new  orders  sprung  up,  although  we 
tried  for  several.  Unfortunately,  there  were  too  many 
people  who  either  could  not  or  would  not  pay  a  reason- 
able price  for  high-class  ships  or  machinery,  and  thus  our 
estimates  so  often  failed.  Well,  in  consequence  of  this, 
and  also  on  account  of  previous  overbuilding  throughout 
the  country,  our  work  died  away  to  such  an  extent  that 
a  climax  came  from  which  there  was  no  relief.  The 
expected  reduction  of  the  staff  at  last  took  place,  about 
the  end  of  the  year,  and  I  happened  to  be  one  of  those 
selected  for  retirement  from  the  service  of  the  Firm. 

One  day  the  manager  sent  for  me.  '^Now  then," 
thought  I,  <<it*s  come  at  last."  And  so  it  had.  On 
entering  his  room,  he  said,  *'  You  must  have  observed  for 
some  time  past  how  little  there  has  been  to  do  in  the 
office." 

"  Oh,  yes,"  I  replied. 

'<  Well,  then,"  he  continued,  "  as  we  have  no  orders 
coming  in,  nor  even  a  prospect  of  any,  we  shall  be  obliged 
to  reduce  our  staff,  I  regret  to  say,  and  dispense  with 
your  services " ;  but  adding,  '*  There*s  an  advertisement 
of  Humphrey  and  Tennant's " — pointing  to  it  in  Th€ 
Engineer — **  you  might  look  after." 

"Very  sorry,  indeed,"  I  answered.  "When  do  you 
wish  me  to  leave  ?  " 

"  Oh !  I  am  in  no  hurry  about  it ;  say  three  weeks  or 
so." 

I  went  upstairs,  depressed  at  the  prospect  of  my  com- 
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pulsory  departure ;  but  when  I  began  to  consider  things, 
I  soon  regained  my  usual  brightness.  "  Now  then/'  I 
thought,  **here  have  I  been  these  many  years,  gaining 
valuable  experience,  certainly,  but  without  a  chance  or 
hope  of  promotion,  and  if  I  remained  in  this  establishment 
for  some  time  to  come,  it  would  make  little  difiference 
to  me.  I  should  not  be  at  all  surprised  if  my  prospects 
are  not  so  dark  as  they  look,  and  this  unwelcome  change 
may  work  out  something  better,  though  I  cannot  see 
how."  This  idea  gave  me  a  spring  at  once,  and  I  became 
as  merry  as  a  lark,  because  the  back  door  was  closed, 
and  I  was  obliged  to  make  some  unknown  but  forward 
movement. 

When  the  time  arrived,  I  went  to  the  manager  for  my 
certificate.  **  Oh,"  said  he,  in  such  a  kind  manner,  **you 
had  better  stop  another  fortnight,  and  see  if  something 
does  not  come  in.*' 

I  did  so,  but,  as  no  fresh  work  made  its  appearance,  I 
soon  found  myself  <'  at  sea,"  so  far  as  the  future  was  con- 
cerned. My  next  move  was  to  call  upon  a  number  of 
shipowners  and  engineers  in  Liverpool,  with  the  object  of 
sounding  them  as  to  the  possibility  of  starting  on  my  own 
account  as  a  consulting  engineer.  The  former  received 
me  most  courteously.  Some  said  one  thing  and  some 
another,  but  all  agreed  that  it  would  be  most  difficult  to 
commence  at  all  unless  I  had  something  to  ''  keep  the 
wolf  from  the  door  for  the  first  two  or  three  years."  The 
engineers  held  the  same  opinion,  but  in  a  more  marked 
degree ;  indeed,  one  or  two  of  them  said  it  was  impossible 
without  help  of  some  kind. 

Here,  then,  was  a  damper  at  the  outset,  because,  in 
the  first  place,  I  had  no  one  to  look  to  for  employment, 
and,  in  the  next  place,  I  had  only  the  remains  of  a  small 
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legacy  to  tide  me  over  my  difficulties  for  a  time.  Amongst 
those  I  visited  was  the  proprietor  of  one  of  the  brass 
foundries,  whom  I  knew  well,  as  he  had  made  some 
thousands  of  pounds  worth  of  work  from  my  plans  in 
former  days.  This  gentleman  often  came  over  to  see  if 
we  had  anything  for  him  to  do,  and  sometimes  went  away 
hopeful,  at  least,  if  not  joyous,  because  our  drawings  had 
not  been  sufficiently  matured. 

Upon  visiting  my  old  friend,  he  asked  me  whom  I  had 
seen,  and  what  they  had  said.     I  told  him. 

"  Have  you  seen  Mr.  A ?  " 

"  Oh,  yes." 

"  What  encouragement  did  he  hold  out  to  you  ?  " 

The  information  was  given. 

'•Well,  now,**  said  Mr.  Marsden,  ''why  don't  you 
start  for  yourself?  There's  Mr.  So  and-so ;  ht  began  on 
his  own  account  some  years  ago,  and  has  succeeded. 
Then  there's  Mr.  Somebody-else,  who  did  the  same  thing, 

and  he  has  never  gone  back.   Go  and  speak  to  Mr.  A 

again,  and  say  I  sent  you.*' 

On  my  way  to  this  gentleman*s  chambers,  I  met  him 
on  the  street,  and  was  told  that  whenever  I  could  get 
something  to  do  I  might  have  the  use  of  a  desk  in  his 
establishment.  This  was  very  cheering,  because  the 
main  obstacle  at  the  outset  was  to  obtain  a  decent  office, 
and,  at  the  same  time,  work  to  begin  upon  which  would 
help  to  pay  expenses.  Up  to  this  period,  I  thought  I  had 
seen  nearly  all  the  engineers  who  were  likely  to  encourage 
me,  but,  a  few  minutes  after  the  office  difficulty  had  been 
settled,  while  quietly  walking  along  Dale  Street,  I  saw  the 
name  of  a  civil  engineer  I  had  not  known  of  before,  and 
immediately  called  upon  him  as  a  sort  of  forlorn  hope. 
He  received  me  very  kindly,  and  asked  if  I  would  help 
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him  with  some  plans  he  had  to  prepare,  and,  upon  telling 
him  I  would  be  very  glad  to  do  so,  they  were  at  once 
handed  over  to  me. 

I  went  home  happy  that  night,  because  one  of  the 
most  fortuitous  coincidences  imaginable  had,  in  a  single 
hour,  removed  from  my  path  two  apparently  insurmount- 
able difficulties,  and  also  opened  out  my  prospects  for  the 
future.  That  is  to  say,  I  had  found  an  office  and 
remunerative  employment,  when  to  all  appearance  there 
was  not  the  slightest  chance  of  either. 

That  generous  C.E.,  who  had  also  an  establishment  in 
London,  has  never,  I  believe,  had  occasion  to  regret 
having  extended  a  helping  hand,  and  given  the  first  five 
guinea  fee  to  one  by  whom  he  will  always  be  gratefully 
remembered.  The  temporary  desk  gave  place  in  a  few 
weeks  to  a  permanent  office,  and,  in  course  of  time,  I 
came  in  for  a  civil  and  mechanical  engineering  practice 
of  a  most  varied  and  interesting  character.  One  part  of 
my  experience,  however,  consisted  in  sailing  tremendously 
close  to  the  wind,  and  trying  to  make  headway  against 
the  usually  small  amount  of  financial  success.  So  hard, 
indeed,  was  this  species  of  navigation,  that,  had  I  not 
been  possessed  of  private  means,  there  were  critical 
periods  in  which  all  my  professional  experience  would 
have  proved  unavailing,  and  I  would  have  been  unable  to 
keep  to  the  course  I  had  endeavoured  to  steer. 

This  will  be  easily  understood  when  it  is  stated  that 
one  of  our  ultimately  most  successful  engineers  could  only 
make  sufficient  to  pay  his  office  rent  for  the  first  five 
years.  This  gentleman  I  knew  well ;  he,  however,  had 
the  advantage  of  a  private  fortune,  which  many  of  our 
tribe  have  to  do  without. 

Another  friend  of  mine,  who  for  a  considerable  period 
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was  superintending  engineer  to  a  great  ocean  line  of 
steamers,  had  /i»ooo  a  year  for  looking  after  them,  but 
was  obliged  to  retire  on  a  pension,  as  his  health  would 
not  stand  such  a  severe  strain.  He,  however,  began  on 
his  own  account,  and  notwithstanding  the  prestige 
derived  from  having  been  associated  with  so  eminent  a 
firm,  absolutely  failed  to  obtain  any  employment  con- 
nected with  ships  for  more  than  two  years  afterwards. 
In  this  case,  his  great  ability  seems  to  have  been  unrecog- 
nised on  account  of  his  too  retiring  disposition. 

It  will  thus  be  seen  that  even  when  accomplished 
engineers  commence  to  practise  their  worst  difficulty  con- 
sists in  getting  work  to  execute,  unless  they  have  been 
fortunate  enough  to  secure  a  few  good  clients  beforehand, 
and  this,  in  many  cases,  is  almost  impossible. 

The  reason  of  this  is  that  so  many  people  are  retained 
in  important  positions,  such  as  engineers  in  chief  to  rail- 
ways, docks,  and  harbours,  city  and  borough  engineers  to 
towns  of  all  sizes,  and  so  on.  These  men,  at  the  head  of 
experienced  stafifs,  do  an  immense  quantity  of  the  work 
that  in  early  days  fell  into  the  hands  of  private  prac- 
titioners, who  by  this  system  are  deprived  of  an  enormous 
amount  of  employment.  So  much  is  this  the  case  that, 
although  there  are  a  few  who  have  made  large  fortunes,  a 
great  proportion  of  the  remainder  make,  considering  their 
capabilities,  incomes  of — well,  I  should  be  ashamed  to 
say  how  much,  or,  more  correctly  speaking,  how  little. 
This  is  a  sore  point,  but  as  I  am  giving  a  faithful  descrip- 
tion of  the  profession,  I  shall,  while  explaining  its  benefi- 
cial qualities,  take  care  to  throw  some  light  upon  its  dark 
features,  which,  it  is  needless  to  say,  are  almost  entirely 
of  a  financial  character. 

To  give  a  little  variety,  I  also  hope  to  sketch  in  their 
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proper  places  a  few  of  the  humorous  and  peculiar  aspects 
of  engineering  life  from  a  private  point  of  view,  and 
endeavour  to  show  how  and  where  improvements  might 
possibly  be  introduced. 

Some  may  ask  why  I  did  not  commence  private 
practice  sooner.  Well,  that  is  easily  explained.  In  the 
first  place,  it  is  very  risky  to  leave  permanent  and  good 
employment  for  what  may  be  very  uncertain,  unless  you 
have  reasonable  inducement  to  do  so,  or  have  sufficient 
means.  And  secondly,  so  great  has  this  risk  now  become 
that  people  are  more  or  less  content  to  run  in  a  groove 
until  pushed  out  of  it.  In  other  words,  we  think  it  safer 
to  bear  the*  ills  we  know  than  fiy  to  those  we  know  not  of. 
If  the  history  of  some  of  our  most  successful  men  could  be 
analysed,  we  should  find  that  in  many  cases  they  owed 
their  prosperity  to  some  unforeseen  movement  which 
threw  them  involuntarily  on  their  own  resources  and 
caused  them  to  look  about  elsewhere.  Indeed,  purely 
accidental  circumstances  have  often  done  more  to 
advance  people's  interests  than  the  most  skilful,  and  long 
sustained  planning  could  possibly  have  accomplished. 

To  enable  engineers  to  succeed  in  private  practice,  or,, 
indeed,  in  any  other  way  at  home  or  abroad,  it  is  often 
necessary  to  have  a  good  general  knowledge  of  the  profes- 
sion outside  of  the  particular  branch — say  locomotive  or 
marine — that  they  have  been  educated  to.  This  will  be 
apparent  when  the  difficulty  of  obtaining  employment  is 
considered,  and  therefore  it  is  to  one's  advantage  to  be 
able  to  direct  the  mind  to  other  lines  of  thought  and 
study. 

For  reasons  already  stated,  the  locomotive  branch  can 
only  give  experience  of  a  limited  nature,  and  does  not 
allow  of  much  expansion.     On  the  other  hand,  railway 
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engineering  has  a  very  extended  sweep,  and  embraces  a 
great  variety  of  most  interesting  subjects,  such  as  bridge 
building  in  iron  and  brick  or  stone—roofs  of  all  sizes  from 
that  of  St.  Pancras  to  those  of  little  roadside  stations — 
steam  and  hydraulic  machinery  of  every  description — 
constructional  ironwork,  such  as  girders,  columns,  etc., 
and  a  thousand  and  one  other  things  most  necessary  for 
the  safe  and  economical  working  of  our  iron  roads. 
Marine  engineering  is  also  of  a  similarly  varied  descrip- 
tion, so  varied,  indeed,  that  people  with  fair  ability  and  a 
certain  amount  of  adaptability  to  different  pursuits,  may 
easily  take  in  hand  work  of  a  general  character. 

To  those  who  have  time  and  opportunities,  no  di£S- 
culty  need  exist  on  such  points,  because  there  are  now  so 
many  avenues  of  information  open  to  all  who  wish  it. 
People  who  venture  upon  private  practice  will  soon  find 
out,  unless  possessed  of  powerful  influence,  that,  for  the 
first  few  years,  they  will  have  a  great  deal  more  spare 
time  than  is  desirable,  and  may  frequently  be  at  a  loss  to 
know  how  to  occupy  themselves  advantageously.  In 
small  towns  this  will  no  doubt  be  severely  felt,  but  in 
large  cities  it  need  not  be  the  case,  when  a  valuable 
reference  library  may  be  within  easy  reach,  from  which 
an  immense  amount  of  professional  knowledge  may  be 
obtained,  and  thus  provide  much  that  is  interesting,  and 
perhaps  profitable  in  the  future. 

The  engineering  literature  of  the  present  day  is  most 
extensive  and  practical,  so  extensive,  indeed,  that  a 
student  may  often  be  unable  to  know  what  to  do  with  it. 
It  may  therefore  be  broadly  stated  that,  if  only  a  small 
part  of  the  really  useful  books  and  periodicals  were  care- 
fully studied,  no  time  would  be  left  for  anything  else. 
Of  this  I  soon  became  aware,  and  therefore  employed  a 
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simple  S3rstem  of  notation,  which  in  various  forms  is  well 
known,  I  should  think,  in  many  of  the  professions. 

We  all  require  as  much  information  as  possible,  but 
without  slavish  and  unnecessary  labour,  and  this  can 
easily  be  accomplished  in  the  following  manner : — 

Read  most  carefully  everything  that  bears  directly 
upon  what  may  be  your  own  practice  in  the  near  future ; 
pick  out  simple  formulae  which  are  mt  given  by  Moles- 
worth,  or  Hurst,  or  D.  K.  Clark.  Analyse  minutely  the 
results  of  experiments  on  various  metals,  timber,  and 
other  substances,  also  any  other  useful  information  which 
may  be  gleaned  from  the  great  mass  of  books  and  period* 
icals,  and  enter  your  conclusions  in  private  note-books, 
morocco  bound  or  otherwise, — generally  the  latter. 

In  the  next  place,  glance  at,  more  or  less  intently, 
any  number  of  volumes  you  please  of  a  kindred  nature, 
and  transfer  the  titles  of  their  contents  very  briefly  as 
aforesaid.  If  this  is  done  as  the  years  roll  by,  an 
enormous  amount  of  valuable  information  will  be  at  hand 
for  immediate  reference,  which  may  tide  the  engineer 
over  many  critical  points,  and  enable  him  to  work  rapidly 
and  confidently.  These  note-books  should  be  well  bound 
in  soft  leather,  stepped  down  at  the  edges,  and  red 
lettered,  with  so  many  pages  to  each  letter,  according  to 
expected  requirements,  and  every  entry  should  be  as  brief 
as  possible.  Notes  from  professional  and  general  litera- 
ture, however,  should  —  for  easy  reference — be  kept 
separate  from  the  invaluable  sketches,  tables  of  detail 
proportions,  and  simple  formulae  obtained  from  actual 
practice. 

Since  calculations  and  statements  referring  to  work  in 
progress  are  so  important  as  to  involve  the  possibility  of 
serious  accidents  unless  clearly  understood,  the  engineer 
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would  do  well  if  he  compared  one  authority  with  another, 
and  endeavoured  in  every  possible  way  to  obtain  a 
rational  interpretation  of  formulae  which  so  often  appear 
to  be  empirical,  but  are  nevertheless  based  upon  scientific 
reasoning,  as  we  have  endeavoured  to  show  in  a  previous 
chapter.  Our  opinions — like  those  of  medical  gentlemen 
and  also  lawyers— often  differ  in  detail,  but  vital  princi- 
ples in  design  and  construction  are  the  same  everywhere, 
and  cannot  be  too  closely  followed  out. 

If  from  the  deck  of  a  ship  in  mid  ocean  you  were  to 
throw  into  the  sea  a  bag  of  sovereigns,  it  would  be  lost ; 
but  if  a  cord  had  been  attached  to  it  the  money  could 
easily  be  recovered.  And  thus  it  is  that  the  science  of 
memory  can  be  similarly  made  to  call  up  from  the  depths 
of  oblivion  something  that  had  been  forgotten.  This 
science  is  based  upon  three  great  laws  : — the  Association 
of  ideas — ^the  Assimilation  of  words  or  phrases — and  the 
Location  of  persons  or  things. 

Firstly,  you  associate  the  missing  link  with  some 
amusing,  etc.,  circumstance,  and  the  link  is  found. 

Secondly,  you  remember  it  was  the  S.S.  "  Golconda  ** 
that  brought  your  daughter  from  Calcutta,  because  the 
ship  carried  a  large  amount  otgold;  and 

Thirdly,  when  upon  passing  someone  on  the  street, 
you  become  perplexed  because  you  cannot  remember  a 
previous  meeting,  the  whole  surroundings  of  the  indi- 
vidual are  at  once  revealed  as  it  flashes  upon  the  mind 
that  you  saw  her  in  Sydney  or  Bombay,  or  indeed  in  any 
other  part  of  the  world. 

Now  this  is  rational  science,  because  the  scenes  are 
effectively  pictured  in  the  mind,  and  every  connecting 
circumstance    can    therefore    be    easily  and    pleasantly 
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recalled.  So  also  is  it  with  figures  when  you  know  how 
the  thing  is  done,  and  hence  the  science  of  memory  is 
▼ery  useful  to  the  engineer  who  frequently  requires  its  aid 
in  many  ways.  It  is  not  necessary  to  apply  the  art  in  a 
general  sense,  because  it  would  be  too  cumbersome,  but 
enough  may  easily  be  learnt  to  enable  the  practitioner  to 
remember  useful  facts  and  figures  at  any  time,  and  also  to 
improve  the  natural  memory  in  a  charming  manner  by 
the  pictorial  concentration  of  thought  thus  created. 

Besides  the  professional  information  just  referred  to, 
an  engineer  should  have  an  extensive  knowledge  of  the 
various  firms  who  make  machinery  of  all  descriptions. 
He  will  thus  be  enabled  to  advise  his  clients  in  the  best 
manner  regarding  the  purchase  of  what  they  require,  and 
its  suitability  for  the  purpose  intended.  The  plate 
opposite  has  been  described  on  page  286,  and  contains  a 
good  illustration  of  a  steam  hammer  much  used  in  marine 
works. 

The  disappointments  of  private  practice  are  many, 
and  the  vicissitudes  one  experiences  amidst  the  best  sus« 
tained  efibrts  too  numerous  to  mention.  However,  as  the 
poet  says : — 

"  'TU  not  in  mortals  to  command  raccess. 
But  we*U  do  more,  Sempronias,  we'll  deserve  it." 

And  as  an  encouragement  to  the  members  of  all  profes- 
sions whose  hopes  may  be  somewhat  blighted,  we  may 
appropriately  close  this  chapter  with  the  well-known 
words  of  another  writer : — 

**  Hononr  and  fame  from  no  condition  rise, 
Act  well  your  part,  there  all  the  honour  lies." 
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CHAPTER   XXV. 

HOW    *♦  COMPETITIONS "     ARE     CONDUCTED. 

Architectural  and  Engineering  Schemes — Eatanswill  Bridge  Competition — 
Town  CoanciUors'  Invitation  to  Engineers — ^The  Opening  Daj — 
Arrival  of  Plans — Character  of  the  Town  Councillors— S.  J.  Dntyne, 
the  Borough  Surveyor — ^Alfred  Sketchly,  the  Draughtsman — How 
he  spent  his  Apprenticeship^Private  Note  Books — Discussing  the 
Plans — Mr.  Drayne's  Advice — The  Draughtsman's  Logic — Results — 
Present  System  of  Competitions  —  Skill  and  Labour  required  in 
preparing  Designs  and  Estimates — Improved  System — "Iron  Pier 
Competition." 

Thbrb  is  no  class  of  work  in  which  engineers,  as  well  as 
architects,  have  been  so  scandalously  abused,  as  that 
known  by  the  term  "  Competitions/'  and  so  important  is 
this  subject  that  I  propose  to  devote  a  whole  chapter  to 
its  consideration. 

With  many  architects,  the  preparation  of  competitive 
sets  of  drawings  necessarily  occupies  a  large  amount  of 
their  early  and  unremunerative   practice.    So  also  is  it 
sometimes  the  case    with  engineers  who  are   ignorant 
enough  to  enter  upon  such  work,  unless  the  information 
or  employment  it  yields  is  a  sufficient  inducement.    The 
true  object  of  a  competition  is  to  obtain  from  as  many 
able  professionals  as  possible  a  set  of  plans,  estimates, 
etc.,  expressing  their  matured  ideas  in  reference  to  a 
bridge,  railway  station,  promenade  pier,  or,  indeed,  any- 
thing else  that  has  to  be  built  on  the  most  approved 
principles,  and  in  the  most  desirable  manner.    When 
these  plans  have  all  been  prepared,  they  are  sent  on  a 
certain  day  to  the  secretary,  or  other  official,  of  a  Com- 
pany or  Corporation. 
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At  the  next  meeting  of  the  Board  of  Directors,  these 
plans,  specifications,  and  estimates  are  carefully  looked 
into,  and  their  merits  balanced.  ** Alpha's*'  design  is 
compared  with  those  of  **  Beta,"  "  Gamma,"  and  <<  Delta," 
and  all  the  others  come  in  for  a  fair  share  of  skilled 
and  judicious  criticism.  Plenty  of  time  is  taken  to 
consider  the  matter,  and  at  last  the  prizes  are  awarded 
to  the  successful  competitors,  and  the  gentleman  first  on 
the  list  is  requested  to  carry  out  the  work,  but  his  prize 
money  is  included  in  the  commission  he  will  receive, 
generally  five  per  cent,  on  the  total  cost  of  the  under- 
taking, exclusive  of  land  or  other  expenses  he  has  nothing 
to  do  with.  If,  however,  he  takes  out  his  own  **  quanti- 
ties," two-and-a-half  per  cent,  in  addition  will  be  allowed 
on  the  total  amount  of  the  accepted  tender. 

Now  this  is  as  it  should  be ;  but  is  it  always,  or  even 
frequently,  so  ?  I  am  sorry  to  say  it  is  not.  In  too  many 
instances,  "  this  is  how  it  is  done,"  as  Dr.  Lynn  used  to 
tell  his  audiences. 

Suppose,  for  example,  that  a  handsome  road  bridge 
has  to  be  erected  across  the  river  Muddle,  which  cuts  the 
town  of  Eatanswill  in  two,  and  is  required  to  supersede 
the  old  ricketty  wooden  structure  which  has  been  used 
for  no  one  knows  how  many  years.  The  first  thing  to  be 
done  is  to  obtain  the  consent  of  Lord  Portansherry,  who 
owns  the  whole  of  the  property,  and  who  will  be  very 
glad  to  sanction  the  scheme  because  he  thinks  it  will  do 
him  good  indirectly,  as  well  as  the  townspeople,  who  feel 
that  it  is  a  necessity. 

A  meeting  of  the  Town  Councillors  is  now  held  to 
decide  upon  what  is  the  best  thing  to  do  in  the  matter. 
One  gentleman  proposes  a  stone  bridge,  as  there  is  an 
excellent  quarry  close  at  hand,  which  belongs  to  him. 
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Another,  who  is  a  timber  merchant,  and  has  been  in 
America,  thinks  they  ought  to  have  a  trestle  bridge, 
because  it  will  cost  so  little ;  and,  lastly,  one  of  the 
*'  committee,"  who  had  six  months'  jobbing  in  a  small 
foundry,  and  fancies  himself  an  '<  engineer,*'  advises  them 
to  make  it  of  iron,  and  '*  he  will  see  that  it  is  well  done." 

As  the  latter  is  considered  quite  an  authority  in  the 
manufacture  of  iron,  his  proposal  is  adopted,  and  it  is 
definitely  settled  that  the  new  structure  shall  be  of  that 
material,  and  in  every  respect  suited  to  the  requirements 
of  the  town.  And,  since  their  own  low  salaried  borough 
engineer  is  too  inexperienced  either  to  design  or  to  carry 
out  the  details  of  the  proposed  bridge  on  his  own  responsi- 
bility, it  is  also  decided  to  **  invite  *'  engineers,  through 
the  columns  of  the  professional  journals,  to  send  in 
competitive  sets  of  drawings,  with  specifications  and 
estimates,  by  a  certain  date.  The  invitation  reads  as 
follows : — 

"  BoRouoH  OF  Eatanswill.— Proposed  New  Bridge. 

**  The  Town  Council  of  the  Borough  of  Eatanswill,  acting  as  Urban 
Sanitary  Authority,  Invite  Competitive  Designs  and  Estimates  for 
the  Construction  and  Erection  of  a  Wrought  Iron  Bridge  over 
the  River  Muddle,  with  the  necessary  foundations,  piers,  abutments,  and 
approaches. 

**The  Bridge  is  to  be  200  feet  long,  by  35  feet  wide,  and  adapted  to 
carry  a  moving  load  of  20  tons. 

*<  A  plan  and  sections  of  the  proposed  site  and  approaches,  with  other 
particulars,  can  be  obtained  on  application  to  Mr.  Streeter  J.  Drayne,  Sur- 
veyor to  the  Council,  Town  Hall,  Eatanswill,  to  whom  all  estimates 
and  designs,  under  seal,  must  be  sent  on  or  before  the  first  day  of  June. 

"  The  Author  whose  Designs  and  Estimates,  in  the  opinion  of  the 
Council,  shall  be  considered  best  suited  to  their  requirements,  will  be 
awarded  a  premium  of  jf  25,  unless  he  be  appointed  at  the  usual  commis- 
sion to  carry  out  the  Works. 

"  By  order, 

*'E.  Vernon  Quills, 

**  Clerk  to  the  said  Council. 
**  Eatanswill,  nth  May,  18S9." 
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Let  US  suppose  that  the  opening  day  has  arrived. 
Fifty  or  sixty  sets  of  plans  having  come  in,  a  second  meet- 
ing of  the  committee  is  held  for  the  purpose  of  examining 
the  drawings  and  considering  their  merits.  The  members 
now  assembled  are  all  good  and  true,  and  also  accom« 
plished  men ;  that  is  to  say,  good  at  selling  spirits, 
groceries,  meat,  etc., — ^true  to  their  own  interests, — and 
accomplished  in  the  art  of  painting,  or  at  least  colouring 
'  their  statements  to  suit  their  own  ideas.  Not  one  of  them 
knows  anything  about  bridges  but  the  ironfounder,  and 
his  information  is  so  superficial  as  to  be  practically  of 
little  value.  With  this  exception,  however,  you  might 
just  as  well  talk  to  the  Horse  Marines  about  *'  ties "  or 
'*  struts,"  "  top  and  bottom  flanges.'*  *<  buckled  plates,'*  or 
**  cross  girders,"  as  to  his  colleagues.  Another  feature 
they  possess  is,  that  actions  which  each  would  consider 
dishonourable  are  thought  quite  excusable  when  taken 
collectively  by  the  Town  Councillors. 

We  shall  now  imagine  them  all  sitting  round  a  table 
in  the  committee-room,  with  the  plans  exposed  to  view  on 
the  walls,  and,  with  Mr.  Drayne,  the  borough  surveyor, 
on  one  side,  and  Mr.  Sketchly,  his  draughtsman,  on  the 
other  side  of  the  chairman,  they  are  ready  to  begin  oper- 
ations. Before  describing  the  next  scenes  in  the  play, 
however,  let  us  say  a  few  words  concerning  the  two 
professionals,  whose  services  will  be  of  a  very  important 
character. 

Mr.  Drayne  served  his  apprenticeship  in  a  builder*s 
office,  in  London,  and  acted  as*  draughtsman  for  some 
years  to  the  borough  surveyor  of  a  small  town.  He  was 
one  of  those  inquisitive  people  who  are  profoundly 
impressed  with  the  idea  that  the  surest  road  to  success  is 
by  picking  up  all  the  professional  knowledge  they  can. 
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and  grabbing  at  every  kind  of  information  that  comes 
within  their  reach,  and  may  possibly  be  useful  to  them  at 
some  time  or  other.  The  result  of  this  line  of  action  in 
days  gone  by  is,  that  Streeter  J.  Drayne,  Esquire,  is  now 
installed  in  his  present  position,  and,  although  the  salary 
is  not  much,  the  experience  gained  while  thus  employed 
will  prepare  him  for  a  more  lucrative  appointment  in 
course  of  time,  which,  indeed,  he  is  now  aiming  at. 

If  you  had  a  peep  into  his  private  note-books,  you 
would  find  all  sorts  of  memoranda  and  tables,  compiled 
from  a  great  variety  of  sources,  and  having'special  refer- 
ence to  hydraulic  calculations  of  various  kinds;  useful 
particulars  concerning  gas  and  water  works,  and  also 
sanitary  engineering  in  general;  notes  of  experiments 
upon  the  strength  of  brickwork,  cement,  mortar,  timber, 
and  an  immense  quantity  of  general  information  which  he 
now  finds  most  useful. 

Mr.  Sketchly,  on  the  other  hand,  was  a  pupil  of  Fair- 
bairn's  for  five  years  in  the  works  and  drawing  office. 
He  was  a  lively,  happy  youth,  and  liked  a  joke  at  times 
as  much  as  anyone,  but  was,  nevertheless,  one  of  the 
most  acquisitive  characters  that  ever  entered  the  famous 
Canal  Street  Establishment.  The  great  engineer  no  doubt 
knew  pretty  well  what  to  expect  from  the  dashing  sons  of 
Continental  counts  and  barons,  and  also  English  gentle- 
men, whom  he  received  from  time  to  time.  In  other 
words,  he  had  a  good  idea  that  many  of  them  would  make 
engineering  a  sort  of  fashionable  amusement,  and  leave 
him  with  little  more  practical  knowledge  of  his  splendid 
water  wheels,  beam  engines,  and  other  machinery,  than 
when  they  began  their  apprenticeship. 

With  Mr.  Sketchly,  however,  the  case  was  very 
di£ferent.    He,  too,  was  connected  with  the  *'  upper  ten," 
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and  had  been  brought  up  among  London  west  end 
society,  but  owing  to  the  death  of  his  father,  who  had 
been  a  colonel  of  the  Bengal  Fencibles,  it  was  necessary 
that  he  and  his  brothers  should  bend  their  whole  energies 
to  whatever  pursuit  in  life  they  entered  upon.  Reduced 
means,  therefore,  to  provide  for  the  wants  of  a  large 
family  was  the  mainspring  that  set  them  all  a-going,  and 
stimulated  Alfred  Sketchly  to  active  exertion  in  the  pro- 
fession he  delighted  in. 

Nothing  escaped  his  notice,  either  of  an  inside  or  an 
outside  character,  relating  to  the  daily  practice  in  the 
works,  and,  however  idle  and  vapid  the  other  apprentices 
might  have  been,  there  was  one,  at  least,  amongst  them 
who  went  in  and  came  out  with  the  intention  of  using 
every  effort,  and  watching  every  chance  of  obtaining 
information  which  would  enable  him,  when  future  oppor- 
tunities arose,  to  climb  hand  over  hand,  in  sailor  fashion, 
until  he  reached  the  very  top  of  the  tree.  And  thus 
Mr.  Fairbaim's  choicest  practice  was  in  a  fair  way  of 
being  utilized  to  the  utmost — so  also  was  that  of  other 
people  in  other  places. 

If  Mr.  Sketchly  had  allowed  you  to  look  into  his 
private  note  books,  you  would  have  seen  a  large  number 
of  very  neat  sketches  of  engine,  boiler,  bridge,  and 
general  engineering  details,  carefully  lettered  in  reference 
to  accompanying  tables  of  proportions,  taken  from  the 
work  as  executed.  You  would  also  observe  a  great 
quantity  of  simple  formulae  and  memoranda  of  all  kinds, 
derived  from  the  very  best  sources,  and  forming  an 
accumulation  of  several  years*  study.  Such  books,  he 
would  tell  you,  were  absolutely  invaluable  to  him,  on 
account  of  the  saving  of  time  and  the  confidence  they 
inspired  when  designing  similar  work,  and  forming,  as 
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they  always  do,  a  most  efficient  check  upon   the  not 
(generally  trustworthy  deductions  of  mere  theory. 

Now  it  so  happened  that  Mr.  Sketchly  was  quite  a 
*'dab  hand'*  in  every  kind  of  bridge  work,  and  Mr. 
Drayne  was  equally  eminent  in  his  own  particular  sphere. 
They  also  acted  in  concert  most  harmoniously,  and  tried 
to  learn  as  much  as  possible  from  each  other  in  view  of 
future  changes  arising.  We  may  therefore  congratulate 
the  Town  Council  of  EatanswiU  upon  having  obtained 
the  services  of  these  gentlemen. 

Having  thus  introduced  to  the  reader  the  company 
now  assembled  in  the  committee  room  we  shall  proceed  to 
open  the  ball,  or  rather  let  the  chairman  do  so  in  his  own 
way. 

After  gazing  quietly  for  a  time  at  the  array  of 
*•  trellis,"  "  lattice,"  "  arched,"  and  other  bridge  designs, 
with  which  the  walls  are  adorned,  that  individual  begins 
with  a  few  preliminary  remarks,  and  then,  turning  to  Mr. 
Drayne,  observes : — 

"  Now,  what  do  you  think  of  them  *ere  drawin's  ?  '* 
pointing  at  them  with  his  thumb. 

*'  Well,  sir,"  replies  the  surveyor, — ^who  has  been  care- 
fully instructed  by  Mr.  Sketchly, — '*  I  have  just  been 
looking  over  them  all,  and  I  think  that,  on  the  whole, 
they  are  a  very  nice  collection  of  designs,  but,  in  my  own 
opinion,  I  consider  *  Gamma's  '  piers  and  abutments  have 
a  very  tasteful  appearance,  but  his  plan  is  too  expensive. 
That  lattice  bridge  by  *  Alpha '  looks  remarkably  well, 
but  the  struts  seem  to  be  rather  weak  " — ^"  Ties"  whis- 
pers the  draughtsman.  '*  As  I  was  observing  when  Mr. 
Sketchly  interrupted  me,  the  ties  seem  rather  defective  in 
strength,  although  no  doubt  they  may  possibly  do  well 
enough.    The  most  suitable  of  all  the  designs,  however. 
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SO  far  as  I  can  see»  is  '  Delta's,'  and  if  we  could  only  get 
it  executed  a  little  more  cheaply,  I  think  we  ought  to 
adopt  his  arrangement." 

A  lively  discussion  now  takes  place  amongst  the 
members  of  the  committee  upon  the  merits  of  every 
design,  and  the  four  Greeks,  with  their  companions  in 
misfortune,  are  fairly  on  their  trial.  One  leading  feature 
after  another  is  pointed  out  and  commented  upon.  The 
spirit  dealer  greatly  admires  the  colouring  and  printing  of 
some  of  the  drawings.  The  greengrocer  is  charmed  with 
a  few  of  the  piers  and  abutments,  while  the  construction 
of  others,  and  the  cost  of  all,  are  fully  considered.  Some 
are  in  favour  of  one  thing  and  some  of  another,  but  on 
those  points  which  are  really  of  the  highest  importance, 
none  will  agree. 

Mr.  Sketchly  is  the  only  person  who  knows  an3rthing 
at  all  on  the  subject,  and  able  to  give  a  good  opinion,  but 
as  be  is  "only  a  draughtsman,"  his  advice  is  not  asked 
for.  This  gentleman  takes  good  care,  however,  to  show 
his  talent  by  talking  so  freely  about  the  technicalities  of 
bridge  construction  that  not  a  single  member  can  follow 
him,  although  they  are  at  the  same  time,  astonished  at  his 
"  cleverness."  And  if  any  of  them  objected  to  his  style  of 
reasoning,  the  "  draughtsman  "  crushed  them  at  once  by 
observing,  "  Thai  is  the  way  w$  used  to  do  ii  in  Fairbairu's,** 

Owing  to  the  extremely  varied  and  conflicting.opinions 
of  the  committee,  the  ironfounder  proposes  that  a  new  set 
of  plans  should  be  made,  embodjdng  all  their  matured 
ideas,  and,  as  this  proposition  is  unanimously  carried, 
the  chairman  orders  Mr.  Drayne  to  "  pick  out  all  the  best 
p'ints  of  them  'ere  drawin's ;  arrange  our  improvements 
as  you  think  best,  and  make  the  bridge  cheap  enough. 
Do  you  'ear  ?  " 
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"  Yes,  sir." 

The  plans  are  now  handed  over  to  Mr.  Sketchly,  who 
delightedly  does  the  rest.  Estimates  are  again  requested 
for  work  to  be  done  in  accordance  with  his  specification 
and  drawings,  and  eventually  a  handsome  bridge  is 
erected,  which  Lord  Portansherry  has  the  pleasure  of 
opening.  The  rejected  designs,  &c.,  are  returned  to  their 
owners,  after  a  few  of  them,  at  least,  have  been  traced, 
copied,  or  noted  in  some  way  or  other,  with  the  object  of 
facilitating  the  compilation  of  the  "new  and  improved 
arrangement/*  and  the  successful  competitor  receives  his 
;^25,  which,  at  the  best,  is  miserable  compensation  for  all 
his  time  and  trouble. 

The  gentleman  first  on  the  list,  who  should  have  had 
the  work  to  carry  out,  which  was,  indeed,  the  real  prize 
he  aimed  at,  is  grievously  disappointed,  and  all  the 
others,  who  expected,  at  least,  fair  treatment,  discover 
that  their  labour  has  been  in  vain,  because  there  was  no 
one  on  the  Board  who  knew  how  to  appreciate  a  good 
design  when  he  saw  it,  or  treat  its  owner  with  proper 
consideration.  For  the  paltry  sum  of  £%$  the  councillors 
obtained  a  large  amount  of  valuable  information  from  a 
great  variety  of  sources,  and  perhaps  the  only  legitimate 
advantage  derived  from  the  whole  transaction  was  the 
knowledge  thus  conveyed  to  the  numerous  competitors 
regarding  the  treatment  they  might  expect  in  future  if 
rash  enough  to  engage  in  similar  work. 

This  subject  was  fully  discussed  at  a  conference  of 
architects  held  not  long  ago  in  Manchester,  on  **  Profes- 
sional Practice,"  et  cetera. 

The  Chairman  remarked  that — 

"  CompedtioDS,  as  at  present  conducted,  are  becoming  the  very  cane 
of  the  profession.    The  gross  acts  of  injustice  which  are  being  constantly 
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brought  before  us  show  clearly  that  some  action  must  ere  long  be  taken  to 
remedy  such  a  crying  evil.  Properly  managed,  they  may  be  of  use  to 
many,  and  afford  numerous  opportunities  for  the  display  of  ability,  but 
such  is  seldom  the  case  now.  It  is  not  the  best  design,  as  a  rule,  that  is 
chosen,  but  one  whose  author  has  most  friends.  Very  often  he  is  practi- 
cally selected  before  the  competition  is  invited,  and,  after  his  selection  he 
is  allowed  to  adopt  ideas  taken  from  the  real  competitors'  plans.  .  .  . 
Fifteen  hundred  architects  have  pledged  themselves  not  to  enter  into  open 
competition,  unless  a  professional  arbitrator  is  appointed,  but  this  alone  is 
not  a  sufficient  remedy." 


Referring  to  estimates  and  contracts,  this  gentleman 
also  stated  that — 

"  It  is  well  known  to  architects  that  the  lowest  estimate  often  means 
something  less  than  cost  price,  and  also  faith  in  the  chapter  of  accidents, 
such  as  alterations  and  additions,  or  scamping  the  work  so  as  to  obtain  a 
fiair  pro6t.'* 

We  may  only  add  that  the  above  statements  are  appli- 
cable nearly  as  much  to  the  engineering  as  they  are  to 
the  architectural  profession. 

I  hope,  however,  that  none  of  my  readers  will  imagine 
that  the  sketch  of  the  '*  Eatanswill  Bridge  Competition  " 
refers  to  similar  undertakings  in  general.  Nothing  could 
be  further  from  my  intention.  What  I  have  said  applies 
only  to  that  obscure,  but  nevertheless  well  known,  little 
town,  and  others  of  a  similar  nature.  Of  course,  in 
the  great  cities  things  are  done  much  more  genteelly, 
but,  in  too  many  instances,  the  results,  from  various 
causes,  have  been  much  about  the  same. 

We  may,  however,  in  common  justice,  try  to  believe 
that  the  state  of  things  described  is  sometimes  caused 
by  the  ignorance  of  people  regarding  the  amount  of  skill, 
and  time,  and  labour  required  for  engineering  plans,  and 
this,  unhappily,  the  outer  world  seems  to  know  nothing 
of.    A  good  design  for  a  bridge,  great  roof,  waterworks. 
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et  cetera,  requires  most  careful,  elaboratCi  and  patient 
investigation  of  all  the  features  of  the  case  before  the 
engineer  can  fairly  realize  what  has  to  be  done,  and  how 
it  is  most  cheaply  to  be  accomplished.  In  the  next 
place,  all  the  proportions,  strengths,  and  arrangements  of 
the  various  parts  have  to  be  calculated  and  sketched  out 
roughly,  for  transference  to  the  drawings  as  they  proceed. 
This  portion  of  the  work  requires  as  much  exactness  as  if 
it  had  to  be  executed,  because  the  specification,  quanti- 
ties, estimate,  and  expected  success  of  the  scheme,  are 
entirely  dependent  upon  it. 

For  the  same  reason,  also,  the  specification  must  be 
a  complete  document  in  every  sense  of  the  word.  The 
quantities  are  not  often  written  out  officially  for  a  com- 
petition, but  the  engineer  must  nevertheless  know,  fpr  his 
own  satisfaction,  what  they  amount  to,  before  any  correct 
estimate  of  cost  can  be  arrived  at.  If,  however,  a  merely 
approximate  tender  is  required,  which  is  seldom  the  case, 
these  conditions  can  be  materially  simplified. 

We  may  add  that  the  architects  have  caused  an 
improved  system  to  be  introduced,  which  is  as  follows : — 

When  competitive  designs  are  required  for  a  building, 
and,  in  accordance  with  clearly  defined  conditions,  any- 
one who  pleases  may  compete,  all,  however,  that  is 
required  to  be  done,  is  to  send  in  sufficiently  illustrative 
sketch  plans  to  a  small  scale.  These  preliminary  designs 
are  now  examined  by  competent  persons,  who  select,  say 
about  six  of  the  best,  the  authors  of  which  are  requested 
to  re-arrange  in  a  larger  and  more  complete  form,  with 
full  specifications  and  estimates,  and  deliver  them,  as  in 
all  other  cases,  on  a  certain  day  to  the  secretary  of  the 
Company  for  whom  the  work  is  intended. 

The  plans  are  now  carefully  scrutinised  by  leading 
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professionals,  and  one  feature  is  intelligently  compared 
with  another,  until  a  fair  and  impartial  opinion  is  formed 
concerning  their  respective  merits. 

When  this  is  accomplished,  the  owner  of  the  design 
most  approved  of  is  advised  to  proceed  with  the  details, 
superintendence,  and  all  other  works  connected  with  the 
undertaking,  until  it  is  completed.  For  these  services  he 
will  receive  five  per  cent,  commission  on  the  accepted 
estimate  of  total  cost,  and  two-and-a-half  per  cent, 
additional  on  the  quantities,  while  the  five  rejected  com- 
petitors will  each  receive  perhaps  from  £\qo  to  ;f  150,  or, 
as  in  the  case  of  the  Liverpool  Cathedral  competition,  at 
least  /300  for  their  trouble.  The  original  sketch  plan 
people,  on  the  other  hand,  however,  have  no  remunera- 
tion of  any  kind  given  them,  but  this  they  fully  under- 
stood from  the  beginning. 

Although  this  system  is  far  from  being  perfect,  it  is 
nevertheless  the  best  that  has  yet  been  devised,  and  if 
engineers  were  similarly  treated  we  should  have  no 
reasonable  ground  for  complaint.  As  the  matter  stands, 
however,  regarding  ourselves,  it  has  become  unworthy  of 
the  slightest  consideration,  and  I  am  of  opinion  that 
those  who  engage  in  such  work  have  either  nothing 
better  to  do,  or,  what  is  quite  as  probable,  are  totally 
ignorant  of  the  true  state  of  afifairs,  which  often  prevents 
the  real  *'  talent,*'  which  is  so  much  desired,  from  engag- 
ing in  similar  undertakings.  There  are  indications,  how- 
ever, that  before  long  this  wretched  state  of  things  will 
have  passed  away. 

It  is  my  usual  practice,  when  obliged  to  speak  or 
write  on  disagreeable  subjects,  to  try  and  throw  in,  some- 
how or  other,  a  scintilla  of  light  —  a  ray  of  sunshine — 
and,  if  possible,  a  spark  of  humour.      I  have  therefore 
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much  pleasure  in  closing  my  remarks  upon  such  an 
unhappy  theme  as  *' Competitions "  with  a  felicitous 
experience  of  my  own. 

Some  time  ago  a  firm  of  Architects  invited  me  to  per- 
form my  share  of  the  work  in  connection  with  an  iron 
pile  pier  they  were  trying  for.  This  pier  was  in  numerous 
fifty-feet  lengths  of  lattice  girders,  supported  on  cast  iron 
columns  or  <' piles.*'  The  land  approaches  were  in 
masonry  and  concrete,  and  at  the  extreme  outer  end  was 
a  fine  bowstring  bridge  of  140  feet  span,  leading  down  to 
a  landing  stage.  Well,  we  sent  in  very  clear  and  nicely 
finished  drawings,  which  the  ''  Commissioners  *'  were 
pleased  to  consider  better  than  any  of  the  others,  and 
at  last  they  favoured  us  with  the  whole  of  the  work  to 
carry  out  in  accordance  with  our  own  ideas.  The  pier 
was  therefore  erected  in  course  of  time,  and  has  been 
doing  excellent  duty  ever  since. 

We  had  a  little  pardonable  triumph  over  this  busi- 
ness, because  another  plan  might  really  have  been 
superior  to  ours,  but  the  drawings  we  prepared  were  so 
explicit  that  the  judges  no  doubt  understood  them  easily, 
and  considered  themselves  good  engineers,  without  ever 
having  used  a  file,  or  drawn  a  line. 

After  two  years  of  successfiil  working,  the  Eatanswill 
bridge  collapsed  while  an  ordinarily  heavy  load  was  pas- 
sing over  it,  and  both  fell  into  the  river,  to  the  astonish- 
ment of  the  natives,  and  the  confusion  of  the  Town 
Council.  The  cause  of  this  disaster  was  a  weak  point  in 
the  structure  which  no  one  had  been  able  to  discover,  and 
which  had  escaped  the  notice  of  Mr.  Drayne. 

Mr.  Sketchley  was  certainly  an  admirable  general 
draughtsman  and  engineer,  but  his  experience  in  bridge 
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building  was,  in  this  case,  neutralised  by  the  unwise 
interference  of  the  responsible  chief.  The  borough  sur- 
veyor was,  as  we  have  shown,  quite  ignorant  on  this 
subject,  and  his  principals  were  utterly  incapable  of 
appreciating  the  value  of  professional  talent  when  it  was 
placed  within  their  reach  by  some  of  the  engineers  who 
sent  in  the  original  plans. 

They  were  also  unable  to  comprehend  the  true 
economy  which  results  from  the  employment  of  accom- 
plished men  in  costly  undertakings,  and  also  the 
disastrous  consequences  which  may  arise  when  a  brick- 
and-mortar  surveyor,  or  an  irresponsible  draughtsman, 
occupies  the  post  of  engineer-in-chief  in  such  cases. 

In  course  of  time  another  bridge  was  built,  upon 
improved  lines,  under  different  management,  and  with  at 
last  permanently  successful  results. 


B  B 
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CHAPTER    XXVI. 

CLIENTS  :     AN     IRON     WORK    SPECULATION. 

Varieties  of  Clients  in  Private  Practice — Mr.  0*BrieD*s  character — His  Law 
Case — Wrongful  Dismissal  from  the  Works  —  An  enthusiastic 
**  Invintor  " —  Duties  of  a  Scientific  Witness  —  Inspection  of  the 
Works — "New  and  Improved**  Patent  Machinery  —  Collecting 
information — ^The  Bones  of  one  of  O'Brien's  Pets — Three  Lines  of 
Argument  in  a  Report — High  Court  of  Justice,  London — Opening 
the  Case  —  O'Brien  in  the  Witness-box  —  An  Opposing  Q.C. — 
Scientific  Witnesses*  past  and  present  —  Professional  and  non- 
Professional  Clients—  Two  more  Designers  and  their  Works — Hints 
to  Inventors. 

In  the  course  of  many  years*  practice,  an  engineer 
experiences  an  immensely  varied  amount  of  work,  and, 
perhaps,  an  equally  variegated  set  of  clients,  which  cer- 
tainly increases  his  knowledge  of  the  world,  but  not 
always  in  the  most  pleasant  manner. 

One  of  my  most  notable  clients  was  a  lively,  quick- 
witted, impulsive  Irishman,  from  Dublin  city;  one  of 
those  people  with  fertile  brains  who  are  always  inventing 
something  or  other,  out  of  which  they  cannot  make  any 
money.  Amongst  his  numerous  innovations  was  a 
machine  for — ^well,  I  suppose  there  is  no  harm  in  letting 
out  the  secret — a  machine  for  producing  perpetual  motion. 
The  whole  scheme  was  joyously  described  to  me,  and,  to 
all  appearance,  its  inventor  was  theoretically  correct  in 
his  ideas.  Unfortunately,  however,  Force  of  Gravity, 
Laws  of  Friction,  and  Atmospheric  Resistance  so  relent- 
lessly opposed  him,  that  he  was  at  last  compelled  to  give 
his  attention   to   something  more  practicable,  such,  for 
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instance,  as  the  economical  manufacture  of  iron,  to  which 
we  intend  to  devote  a  few  remarks. 

One  of  my  visitor's  peculiarities  was  a  great  love  of 
lawsuits,  which,  curiously  enough,  somewhat  impoverished 
him,  and  his  last  "  case,"  previous  to  the  event  I  am  now 
going  to  write  about,  was  an  action  he  brought  against 
the  Duke  of ,  which  he  lost,  in  the  usual  way. 

Now  this  Mr.  O'Brien — ^let  us  call  him — was  "  a  fellow 
of  infinite  jest,"  a  rollicky,  smiling,  brimful-of-merriment 
sort  of  individual,  and  was  vain  enough  to  say  that  I 
never  laughed  except  when  ht  came  to  see  me.  Indeed, 
his  description  of  the  way  in  which  he  got  his  wife  would 
have  given  intense  enjoyment  even  to  the  most  cynical 
and  melancholy  people,  aye,  even  to  those  with  hearts  of 
stone,  and  the  references  he  made  to  his  '*  Invintions  *' 
were  not  far  in  the  rear.  In  addition  to  this,  he  was  kind 
hearted  and  liberal,  that  is  to  say,  when  he  had  money  to 
be  lavish  with,  which,  I  may  only  add»  was  very  seldom. 

Having  thus  introduced  my  client,  let  me  now  pro- 
ceed to  qarrate  the  story. 

One  day  he  came  into  my  office,  and  handed  me  a 
paper  in  which  I  found  that  I  was  subpoenaed  to  attend 
the  High  Court  of  Justice,  in  London,  and  appear  as  a 
scientific  witness  on  his  behalf,  before  Vice-Chancellor 
Bacon.  He  also  threw  down,  in  a  free,  off-hand  manner, 
the  preliminary  fee  of  three  guineas,  which,, small  as  it 
was,  necessarily  accompanied  the  document.  The  cause 
of  this  trial  was  the  ejectment,  or,  I  should  rather  say,  the 
dismissal,  of  Mr.  O'Brien  from  an  Iron  Work  containing 
a  quantity  of  his  special  patent  machinery,  which  was 
expected  to  do  wonders,  and  enrich  its  proprietors,  but, 
although  a  wealthy  Greek  in  London  had  actually  ad- 
vanced ;^20,ooo  to  work  the  establishment,  and  placed 
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my  friend  in  it  as  manager,  there  was,  after  at  least  two 
years*  labour,  no  profit  of  any  kind.  Mr.  0*Brien  felt 
hurt  at  the  treatment  he  had  received,  and  at  once 
brought  an  action  against  his  employer  for  wrongful 
dismissal,  upon  the  ground  of  his  interference  with  the 
management,  and  not  giving  him  sufficient  time  for  the 
development  of  a  system  of  ironworking  which  was  sure 
to  bring,  in  the  end,  '<  an  imminse  fortune.*' 

I  should  be  very  sorry  indeed  to  give  it  as  my  opinion 
that  Mr.  0*Brien  was  a  hare-brained  schemer,  but  I  must 
say  that  no  one  could  have  been  a  more  enthusiastic 
admirer  of  his  own  practical  discoveries  than  he  himself 
was,  and  this  fact  alone  must  have  given  very  great 
pleasure  and  confidence  to  those  who  trusted  him,  up  to 
a  certain  point.  Before  going  any  farther,  however,  let 
me  briefly  describe  the  duties  of  a  Scientific  witness. 

As  it  was  in  days  of  yore,  so  is  it  now.  This  gentle- 
man occupies  an  important  position,  and  one  which 
involves  trust,  responsibility,  and  delicacy.  Tmsi,  because 
the  client  looks  to  him  as  one  who  is  faithful  and  true, 
and  quite  above  being  led  astray  by  the  apparently  supe* 
rior  arguments  and  facts  the  opposing  counsel  may  bring 
to  bear  on  the  case.  He  is  also  expected  to  favour  and 
protect,  in  every  possible  and  legitimate  way,  the  interests 
of  his  client. 

It  is  a  position  of  responsibiUfyf  because  he  is  often  the 
main  point  of  attack  and  defence,  and  whatever  evidence 
he  gives  may  either  make  or  mar  the  interests  he  repre- 
sents,  involving,  it  may  be,  issues  of  tremendous  magni- 
tude, as  all  those  who  have  read  the  Manchester  Canal 
investigations  will  know. 

Still  more  is  it  a  position  of  delicacy,  because,  however 
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great  the  witness's  knowledge  of  the  case  may  be,  he 
must  be  very  careful  how  he  uses  it,  and  not  put  his  foot 
in  the  business,  as  the  over*zealous  Mr.  Phunky  did  in 
the  Bardell  trial.  He  will  be  exposed  to  a  great  many 
hard  questions,  which  he  can  answer  most  confidently,  so 
long  as  they  are  in  his  client's  favour,  but,  at  the  same 
time,  be  reserved  on  points  which  are  not  to  his  advan- 
tage ;  indeed,  when  it  comes  to  this,  he  had  better,  as  a 
rule,  say  as  little  as  possible. 

Before  this  can  be  done,  however,  the  case,  in  all  its 
bearings,  has  to  be  carefully  studied — minutely  investi- 
gated— and  plans  and  calculations  made  when  necessary, 
to  render  everything  clear  to  the  jury,  as  well  as  to  the 
engineer  himself.  Above  all,  nothing  must  be  said  or 
written  that  cannot  be  sustained  in  court.  If  you  do 
anything  else,  the  opposing  counsel  will  be  down  upon 
you  like  a  thunderbolt,  and  your  client's  case  may  be 
grievously  weakened,  if  not  lost.  On  the  other  hand, 
with  care  and  skill,  you  may  be  able  to  crush  them  with 
3^ur  incontrovertible  statements,  and  defeat  them  all  in 
detail  by  the  irresistible  logic  of  facts. 

My  first  movement  in  the  matter  was  to  go  to  the 
Works  with  the  late  manager,  and  make  a  careful  survey 
of  the  premises,  upon  which  to  base  my  report,  which 
was  to  be  given  to  our  barrister.  The  machinery  was  all 
stopped ;  indeed,  the  whole  place  was  closed,  and  I  had 
therefore  to  do  the  best  I  could  under  the  circumstances. 
My  position  was  simply  this: — 

I  had  been  invited  to  look  at  a  collection  of  patent 
machines  of  the  newest  and  '*most  improved'*  t)rpe, 
which  I  had  never  seen  before,  neither,  indeed,  had  any- 
one else,  and  the  action  of  which  I  was  expected  to 
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form  a  favourable  opinion  of,  from  the  appearance  of  the 
inanimate  masses  before  me,  instead  of  having  an  oppor- 
tunity of  estimating  their  merits  from  the  amount  and 
excellence  of  the  work  I  saw  carried  out  by  them.  It 
will  therefore  be  easily  seen  that  I  had  no  satisfactory 
ground  of  any  kind  to  stand  on. 

Mr.  O'Brien  thought  differently,  and,  as  he  walked 
beside  me,  explaining  the  action  of  one  machine,  and 
telling  me  what  another  piece  of  mechanism  ought  to 
have  done,  had  hi  not  belen  interfered  with,  naturally 
enough  concluded  that  I  would  be  quite  able  to  under- 
stand them  at  a  glance.  I  had  therefore  to  use  my  wits, 
that  is,  I  had  to  gaze  at  everything  inquisitively,  peer 
into  every  nook  and  corner  about  the  place,  ask  any 
number  of  questions,  ponder  carefully  and  anxiously  over 
all  I  saw  or  didn't  see,  and  at  last  endeavour  to  write  so 
favourable  a  statement  of  what  I  had  observed,  and  also 
what  I  thought  the  machinery  was  capable  of  doing, 
that  our  law  suit  would  be  successfully  carried. 

My  mind  had  been  on  the  stretch  for  some  time,  and 
by  degrees  I  had  sketched  out  in  imagination  the  leading 
ideas  of  my  report,  which  I  intended  to  clothe  in  the 
usual  finished  style  when  I  returned  to  the  office.  So  far, 
all  was  well,  but  I  little  knew  what  was  in  store  for  me. 
In  the  yard  outside  lay  a  few  disjointed  pieces  of  what 
had  once  been  a  "  valuable  invintion,'*  but  were  now  in 
a  very  rusty  and  disreputable  condition ;  nevertheless, 
their  construction  and  application  were  very  fully 
explained  to  me.  Here,  however,  my  mental  powers 
failed,  and  I  was  totally  unable  to  conceive  what  the 
appearance  of  this  machine  had  been  in  life,  or  even 
realise  satisfactorily  what  it  could  have  done  when  in 
the  flesh. 
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If  kind  readers  wish  to  understand  my  feelings  at 
this  stage,  may  I  request  the  ladies  or  gentlemen  to 
fancy  themselves  in  the  British  Museum,  with  a  leg,  an 
arm,  and  a  few  ribs  of  the  Megatherium  or  Mastodon 
placed  in  front  of  them  on  the  floor.  Let  them  still 
further  suppose  that  they  were  asked,  not  only  to 
imagine  they  saw  the  living  animal  before  them,  but  to  be 
able  to  describe  his  physical  and  other  peculiarities.  If 
the  aforesaid  ladies  or  gentlemen  can  execute  this  flight 
of  fancy,  then  I  think  they  will  comprehend  my  state  of 
mind  whilst  meditating  among  a  few  of  the  bones  of  one 
of  Mr.  O'Brien's  pets. 

I  did  everything  I  could  to  collect  as  much  of  the  best 
and  most  trustworthy  information  previous  to  delivering 
judgment  in  my  report.  Before  doing  this,  however,  I 
had  three  courses  open  to  me.  One  was  to  say  confidently 
that  the  machines  were  quite  capable  of  doing  all  that 
their  inventor  claimed  for  them,  which  he  fully  expected 
I  would  say.  Another  was  to  declare  positively  that  they 
were  not  able  to  do  this ;  while  the  third,  and  last,  con- 
sisted in  taking  the  mean, — in  striking  the  average, — in 
fact,  steering  dead  between  Scylla  and  Charybdis.  The 
first  and  last  were  utterly  impracticable,  so  I  took  the 
intermediate  course,  which  was  the  only  one  I  could 
reasonably  adopt.  My  legal  document  was  very  brief,  for 
I  took  good  care  not  to  say  too  much  lest  I  should  do 
mischief,  and  I  was  specially  constrained  to  do  this 
because  going  through  these  works  was  like  walking  on 
rotten  ice,  which  gave  no  safe  foothold  of  any  kind. 

The  wording  of  the  report  was  somewhat  in  this 
style :—"  I  believed  "  ;  "  I  considered  "  ;  •*  So  far  as  I  could 
see  "  ;  '*  In  the  absence  of  direct  proof  " ;  ''  The  machinery 
was,  in  my  opinion  '* ;  so  on,  and  such  like,  to  the  end. 
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The  day  of  the  trial  came  on,  as  every  day  does,  for 
good  or  evil,  and  I  was  at  my  post  in  the  High  Court  of 
Justice.  An  old  friend  of  mine  was  also  engaged  as 
a  scientific  witness  on  our  side,  while  on  the  other  side 
were  two  more  *'eminents/'  The  defendant,  whom  we 
shall  call  Mr.  Epaminondas,  had  also  engaged  two  of  the 
most  celebrated  Q.C.s  in  London  to  look  after  his 
interests,  and  thus  all  the  actors  in  the  play  being  on  the 
stage,  the  case  of  the  *'  Darkfield  Iron  Works  Company 
Limited  '*  was  opened  in  the  presence  of  Vice-Chancellor 
Bacon  by  placing  Mr.  O'Brien  in  the  witness-box. 

Never  in  my  life — ^no,  nuver^ — have  I  seen  a  man  in  any 
position  who  could  look  so  much  the  picture  of  injured 
innocence  and  humility  as  thjs  son  of  the  Emerald  Isle 
did  on  that  eventful  morning.  It  seemed  as  if  he  had 
neither  the  heart  to  kill  a  fly  nor  crush  a  beetle,  and  yet, 
when  the  time  came,  he  could  turn  upon  his  persecutors, 
and  with  the  most  unbounded  confidence  in  the  justness 
of  his  cause  and  his  '*  armour  of  triple  steel,"  defy  every 
one  of  them.  In  opening  his  case,  he  compared  the 
Greek— who  sat  close  to  him — to  the  *'  wicked  king  in  the 
Bible/*  meaning  I  suppose,  Ahab,  who  murdered  Naboth, 
and  then  appropriated  his  vineyard ;  and  during  the 
whole  of  Mr.  O'Brien's  lengthy  examination  those  in 
court  had  a  most  amusing  entertainment  freely  provided 
for  them.  Question  after  question  was  asked  in  the  usual 
**  be  careful "  style,  first  by  one  barrister,  and  then  by 
another — the  Vice- Chancellor  assisting — but  the  replies 
were  sometimes  of  a  surprising,  if  not  of  a  damaging 
character.    One  of  the  interrogations  was : — 

**How  much  profit  do  you  think  might  have  been 
made  out  of  the  works  if  you  had  not  been  interfered  with 
in  the  management  ? " 
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*'  Millions,*'  was  the  prompt  reply. 

*'  As  matters  stood  when  you  were  there,  and  with  the 
machinery  in  good  working  order,  what  were  the  actual 
returns  ?  " 

''  None,  but  that  wasn't  my  fault,  I  did  what  I  could 
to  make  the  place  a  success,  and  if  I  had  only  had  a  little 
more  time  I  would  have  done  so." 

In  the  course  of  the  trial  the  Greek's  perfidy  was  fully 
exposed,  and  irrelevant  things  connected  with  his  private 
character  were  introduced  from  time  to  time  in  support 
of  the  plaintiff's  arguments. 

*'  Read  that  letter,*'  said  the  indignant  gentleman  in 
the  box  to  the  very  eminent  opposing  Q.C.  and  M.P.,  who 
was  busily  occupied  in  conning  over  a  large  quantity  of 
correspondence  relating  to  the  defendant.  "  Read  that 
letter  you  have  just  skipped  over,  and  see  what  his 
brother  says  about  him<*-read  it  like  a  man,  and  you  will 
see  the  character  he  gets." 

Now,  I  suppose  that  part  of  a  barrister's  education 
consists  in  practising  the  art  of  reticence — ^that  is  to  say, 
keeping  silent  on  points  inimical  to  a  client's  interests.  I 
also  fancy  that  in  time  he  becomes  quite  accomplished  in 
the  art  of  hearing  what  he  ought  to  hear,  and  in  suddenly 
becoming  deaf  to  statements  it  would  be  unwise  to  listen 
to,  and  such,  I  think,  was  the  case  in  this  instance.  The 
Q.C.  went  on  reading  for  the  benefit  of  the  judge  and  jury 
only  what  }u  thought  proper,  and  rejected  the  rest  as 
irrelevant — at  least  in  his  own  opinion — he  also  took  not 
the  slightest  notice  of  Mr.  O'Brien's  proposal. 

After  attending  the  court  for  the  whole  of  two  and  a 
half  days  my  turn  came  at  last.  I  told  them  plump  and 
plain  what  I  thought  of  the  machinery, ''  so  far  as  I  could 
see,"  "  so  far  as  I  could  judge,"  etc.,  etc.,  and  the  result 
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was  quite  satisfactory,  to  myself  at  least.  Our  barrister, 
a  most  accomplished  and  intelligent  man,  whom  it  was 
quite  a  pleasure  to  meet,  did  not  ask  very  many  ques- 
tions— for  wise  reasons,  probably — and  I  went  through 
the  ordeal  more  easily  than  I  anticipated.  Other  wit- 
nesses followed,  and  amongst  them  was  a  drawly,  slow- 
speaking  Yorkshireman,  who  had  been  a  gateman  at  the 
works.     Upon  being  asked — 

«« What  time  did  the  works  close  at  night  ?  " 

•*  E-eh,"  he  said,  ••  wa-at  toi-ime  ?  *' 

**  Yes,"  replied  our  counsel,  in  a  smart,  gentlemanly 
style,  **  what  time  of  the  day  did  you  leave  oflF  at  night  ?  " 

•*  Wa-al  it  wor  abee-out  foi-ive  o'claw-k." 

This  was  the  last  scene  for  me,  so  after  sa3ang  '*  good 
bye  *'  to  friends  in  court,  I  *'  hooked  it,"  as  the  common 
saying  is,  and  after  visiting  a  few  relatives  in  London,  left 
by  an  evening  train  for  Liverpool,  happily,  however,  we 
just  escaped  a  collision  the  previous  '*  Royal  mail  "  came 
in  for  at  Rugby,  which  only  detained  us  two  hours  on  the 
road,  and  thus  ended  my  **  scientific  witness  "  expedition 
to  the  great  city.  Mr.  0*Brien  lost  his  case,  chiefly  on 
commercial  grounds,  which  no  one  perhaps,  except  him- 
self, could  possibly  have  been  surprised  at. 

My  client  had  quite  impoverished  himself,  and  I  rather 
think  that  none  of  his  witnesses  received  very  much  for 
their  trouble.  Had,  our  trial,  however,  been  successful, 
we  should  have  been  handsomely  treated  all  round,  for 
the  fertile  inventor  and  lover  of  legal  disputation  was  an 
honourable  and  liberal-minded  man,  and  would  then  have 
had  more  than  enough  to  enable  him  to  settle  all  claims 
in  a  generous  manner,  as  I  am  sure  he  would  have  done. 

But  if  we  on  the  plaintifi*s  side  were  scrimpily  treated 
in   the  finance  part  of  the  business,  we  certainly  had 
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plenty  of  amusement,  which  at  times  was  as  good  as  a 
pl^y,  and  kept  the  court  in  a  state  of  extreme  hilarity. 
And  even  now,  after  the  lapse  of  several  years,  the 
remembrance  of  the  scenes  enacted  in  that  High  Court  of 
Justice  cause  the  engineers  who  took  part  in  them  to 
smile — not  always,  however,  in  the  most  silent  manner. 

When  we  take  into  account  the  way  in  which  the 
scientific  witness  is  now  treated  by  opposing  counsel, 
when  engaged  in  law  cases,  it  appears  to  me  that  there 
has  been  a  very  great  improvement  in  this  respect  since 
Stephenson's  time.  Instead  of  the  bullying  which  then 
existed,  there  is  a  great  deal  of  respect  and  a  large 
amount  of  courtesy  shewn  to  the  witnesses,  which  is 
highly  commendable.  They  seem  to  understand  each 
other  better,  and  the  engineer  has  proved,  I  think,  that 
although  quite  a  modern  creation,  in  some  branches,  at 
least,  he  is  nevertheless  able  to  appreciate  and  highly 
value  gentlemanly  treatment  and  kind  consideration. 

Another  of  my  clients  was  a  man  who  came  from 
Australia  with  an  invention  to  which  he  attached  so 
much  importance  that  he  secured  the  services  of  the  best 
people  he  could  find  to  do  the  legal  and  patenting  part  of 
the  business  for  him  in  connection  with  every  civilised 
country.  He  also  favoured  me  by  asking  me  to  prepare 
the  working  plans,  and  superintend  the  erection  of  Works 
wherein  to  test  the  value  of  the  invention  on  a  practical 
scale. 

The  gentleman  referred  to  was  a  quiet  pleasant  man, 
who  had  studied  and  worked  at  his  subject  for  several 
years,  and  possessed  a  most  exalted  idea  of  its  value.  He 
was  franky  straightforward,  and  generous,  and  wished 
everything  done  in  the  very  best  manner,  and  yet,  after 
the  scientific  importance  of  this  invention  became  known 
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throughout  the  world,  it  proved  an  utter  failure  from  a 
financial  point  of  view»  5»m/()/  because  the  new  process;— 
admirable  as  it  certainly  was  —  could  not  be  worked 
economically  enough  to  enable  it  to  compete  successfully 
with  a  long  established  and  similar  manufacture  upon 
different  lines. 

An  engineer's  clients  may  be  said  to  include  two  great 
classes — the  professional  and  the  non-professional.  The 
former  refers  to  those  who  are  engaged  on  some  under- 
taking which  belongs  partly  to  one  branch  of  science, 
and  partly  to  another,  such,  for  example,  as  railway 
stations,  public  buildings,  warehouses,  &c.,  in  which  the 
architect  may  require  the  services  of  an  engineer,  or  viu 
versa. 

In  cases  of  this  kind  each  individual  bears  his  own 
responsibility,  that  is,  the  architect  has  sole  charge  of  the 
brick,  stone,  concrete,  and  timber  portions  of  the  build- 
ing,  while  the  engineer  designs  and  superintends  the 
erection  of  all  the  ironwork  contained  in  it,  such  as 
girders,  columns,  and  all  other  similarly  constructive 
parts.  When  this  occurs,  the  chiefs  in  each  department 
are  termed  "  joint  engineer,'*  or  "  joint  architect,"  accord- 
ing to  arrangement,  and  have  undisputed  authority  in 
their  separate  spheres  of  usefulness.  Under  these  circum- 
stances a  large  contract  may  be  executed  in  the  most 
felicitous  manner,  because  the  two  principals  thoroughly 
understand  their  duties,  and  act  independently  of,  but  at 
the  same  time  in  concert  with,  each  other. 

This  state  of  affairs  is  entirely  changed  when  a 
capricious  non-professional  engages  the  services  of  a 
C.E.  to  assist  him  with  a  new  and  perplexing  scheme. 
In  private  practice  instances  of  this  kind  are  by  no  means 
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uncommon,  as  an  engineer  is  sometimes  called  upon  to 
work  out  the  hazily  conceived  and  imperfectly  described 
ideas  of  a  client  whose  perceptions  are  visionary,  if  not 
unpractical,  and  who,  therefore,  causes  a  great  deal  of 
trouble  and  considerable  loss  of  time  while  endeavouring 
to  obtain  what  he  desires.  One  of  these  clients  I  well 
remember ;  let  me  call  him  Mr.  Smith. 

For  some  time  previous  to  our  acquaintance  this 
gentleman  had  gradually  matured  an  idea  in  reference  to 
the  economical  management  of  tramways,  a  miniature 
model  of  which  had  been  made  with  the  object  of  illus- 
trating the  beautiful  simplicity  and  admirable  working 
qualities  of  his  invention.  Unfortunately,  however,  when 
we  came  to  examine  its  peculiarities  critically  by  the  aid 
of  working  drawings,  it  was  found  impracticable  on 
account  of  the  great  difference  which  existed  between  a 
real  tramway  and  a  model  tramway.  We,  therefore, 
condemned  tlie  scheme  and  tried  another  system,  and  in 
this  we  eventually  succeeded. 

Mr.  Smith  was  a  most  impetuous  and  enthusiastic 
inventor,  and  fancied  he  had  discovered  something  that 
would  pay  much  better  than  the  mercantile  transactions 
he  had  been  accustomed  to.  Almost  every  day  he  came 
to  my  office  with  his  mind  filled  with  '*  grand  ideas  "  he 
had  conceived  the  night  before,  which  completely  neutra- 
lised all  our  previous  labour.  I  gave  him  the  best 
advice  in  my  power  under  the  circumstances,  but  he 
preferred  having  his  own  way,  as  he  had  thought  of 
his  invention  by  night  and  by  day,  had  cogitated  and 
ruminated  on  it,  and  slept  over  it  and  dreamed  over  it, 
and  I  had  not. 

The  continuous  alterations  of  the  drawings  was  of  no 
consequence  to  him,  and  what  he  did  in  this  respect  was 
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accomplished  in  such  a  slap  dash,  bang !  sort  of  style  as 
to  give  one  the  impression  that  he  was  going  to  make  a 
fortune  by  his  discovery,  and  that  it  would  be  a  good 
thing  for  everyone  connected  with  it.  At  last  we 
succeeded  in  designing  a  very  simple  and  perfect  arrange- 
ment, and  a  tramway  Company  gave  him  permission  to 
lay  down  his  improved  apparatus  at  two  or  three  points 
on  their  line.  He  did  so,  to  their  entire  satisfaction,  but 
beyond  this  initiatory  movement  nothing  else  was  ever 
accomplished,  although  a  somewhat  favourable  offer  was 
made  for  the  purchase  of  the  invention,  which,  however, 
was  declined. 

Here  then,  was  a  failure,  which  was  no  doubt  created 
by  prejudice  on  the  one  hand,  and  a  want  of  sufficient 
influence  on  the  other,  to  enable  Mr.  Smith  to  push  his 
scheme  successfully  in  important  districts.  Perhaps, 
also,  he  was  too  exacting  in  his  terms,  but  whatever  the 
cause  of  disappointment  may  have  been,  a  large  amount 
of  money  was  freely  expended  while  endeavouring  to 
introduce  an  engineering  improvement  which  certainly 
deserved  a  better  fate. 

I  have  thus  given  a  few  of  my  own  experiences  of 
inventors  and  inventions,  for  the  benefit  of  those  who 
have  not  been  behind  the  scenes,  and  to  whom  such 
information  may  be  useful.  The  rock  upon  which  so 
many  worthy  people  of  the  above  class  lose  themselves, 
is  the  limited  sweep  of  their  views  r^arding  the  adap- 
tability of  their  invention  to  some  particular  purpose  for 
which  there  is,  or  is  likely  to  be,  a  demand.  And  also  the 
system  of  manufacture  employed,  which  alone  can  enable 
it  to  become  a  commercial  success. 

To  make  this  clear,  let  us  imagine  that  a  clever 
inventor  had  constructed    a    most    admirably  designed 
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machine  for  washing,  dressing,  and  finishing^  with  the  aid 
of  Sunlight  Soap — the  cuffs,  collars,  and  pockethand- 
kerchiefs  of  our  coloured  brethren  and  sisters  in  Central 
Africa.  When  at  the  same  time  these  ladies  and  gentle- 
men had  too  much  '<  sunlight "  of  their  own,  and  never,  or 
at  least  hardly  ever,  wished  to  have  their  linen  gear 
cleaned  in  any  way.  Now  this  is  exactly  the  principle 
that  misinformed  or  ignorant  designers  occasionally 
adopt  in  some  form  or  other,  only  to  discover,  when  too 
late,  that  they  have  wasted  their  money  and  their  time 
while  pursuing  an  unprofitable  scheme. 

Very  many  inventors  are  not  engineers,  or  at  least  are 
unable  to  comprehend  the  difficulties  that  may  arise. 
Their  best  plan,  therefore,  is  to  consult  a  good  patent 
agent,  who  will  gladly  give  the  information  required,  and 
thus  save  them,  perhaps,  from  grievous  loss  and  numerous 
disappointments. 
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CHAPTER  XXVII. 

VOYAGE  FROM  SYDNEY  TO  LONDON  IN  1 84 5. 

Early  Days  in  Atistralia — Engineering  of  the  period — Arrival  of  H.M.S. 
"Vestal/*  1844 — Departure  from  Sydney — At  Sea — ^Moon  Poison- 
ing Story  from  S.S.  '* Magellan'*  —  Marvellous  Transmission  of 
Sound — Ocean  Depths — Soundings,  past  and  present — Two  vast 
Depressions — ^Motive  Power  in  Volcanoes — Arrival  in  London — 
*<  Life  "  m  the  '*  Orient "  and  **  P.  and  O."  liners,  1889. 

In  the  year  1833,  my  father  left  Edinburgh  with  the 
object  of  practising  law  at  Hobart  Town,  Tasmania. 
The  state  of  his  health,  however,  ultimately  compelled 
him  to  try  the  more  suitable  climate  of  Australia,  and 
also  another  occupation.  After  all  the  necessary  arrange- 
ments had  been  completed,  he  began  as  an  agriculturist 
in  a  district  about  one  hundred  miles  inland  from  Sydney. 
Our  early  experiences  of  the  country  were  somewhat 
peculiar.  At  the  very  outset  we  were  robbed  of  our 
valuables,  while  journeying  to  the  interior.  After  that, 
we  were  plundered  by  a  band  of  bushrangers,  and,  in 
course  of  time,  came  in  for  long  droughts,  bush  fires, 
floods,  and  other  evils  incidental  to  the  colony. 

At  that  period,  there  were  very  few  mechanical 
contrivances  for  performing  the  most  ordinary  operations 
of  any  description.  Everything  was  done  by  manual 
labour,  assisted  by  bullock  power,  and  in  the  transport  of 
goods  the  dray  drawn  by  oxen  was  generally  employed, 
the  speed  of  which  did  not  exceed  three  miles  an  hour. 
When  people  wished  to  travel,  they  either  rode  on  horse- 
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back,  or  drove  in   carts,  which  were  covered  or  open, 
according  to  circumstances. 

House  building  was  in  an  extremely  primitive  con- 
dition, everything  being  of  timber,  and  rudely  put 
together.  The  climate,  however,  was  magnificent,  and 
this  in  no  small  degree  compensated  for  faults  in  the 
construction  of  the  dwellings. 

We  had  a  great  many  visitors,  who  were  much 
pleased  to  make  our  acquaintance,  and  who  certainly 
made  up  in  quantity  for  what  they  lacked  in  '*  quality.*' 
Their  complexion  was  of  a  very  dark  shade  of  brown, — 
we  called  them  '^  blacks,"  but  the  few  now  living  will  no 
doubt  be  designated  "coloured  people,"  id  accordance 
with  the  usages  of  advanced  civilisation.  These  visitors, 
who  came  in  tribes,  had  an  undesirable  partiality  for  our 
splendid  potatoes,  but  we  could  not  well  interfere  with 
them  lest  they  should  do  something  worse;  indeed,  we 
were  told  that  *'up  the  country  they  had  killed  some 
white  people,  but  down  here  they  were  quiet,"  which 
was  reassuring.  In  other  respects  they  were  well  behaved, 
and  willing  to  assist  in  any  way  for  little  gifts  of  old  sugar 
bags,  and  potatoes  and  beef. 

The  costume  of  those  •*  natives  " — ^well,  the  less  we  say 

on  ilMi  point  the  better,  I  should  think.    It  may  only  be 

stated,  however,  that  when  the  handsome  and  generally 

useful  opossum  skin  cloak  was  worn,  they  were  dressed ; 

but  when,  for  climatic  reasons,  it  was  thrown  ofi,  there 

was  nothing  left  to  describe.    The  manners  and  customs 

of  our  dark  complexioned  friends  were  so  peculiar  that 

their  description  might  be  rather  irrelevant  in  a  book  on 

engineering,  although  it  would  certainly  be  interesting  in 

some  other  volume  of  a  less  scientific  character. 

For  such  a  roving  class  of  people  temporary  *<  camps  " 

cc 
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were  alone  suitable,  and  these  consisted  of  long,  slender 
saplings,  cut  and  bent  in  the  form  of  a  triangle,  steadied 
with  a  back  stay,  and  covered  with  the  thick  bark  of  the 
gum  trees.  These  structures  were  remarkably  simple  and 
worthy  of  imitation  even  by  white  settlers,  as  they  had  all 
the  materials  at  hand  when  in  the  bush,  and  certainly 
nothing  could  have  been  so  easily  or  so  economically  put 
together.  It  is  only  right  to  add  that  our  few  years' 
acquaintance  with  those  dark  complexioned  *' savages," 
proved  beyond  doubt  that  they  were  infinitely  superior  to 
men  and  women,  and  even  boys,  bearing  the  same  title 
and  living  in  the  slums  of  England,  whose  occupations 
now  include  killing  and  maiming  for  pleasure,  and 
murdering  for  amusement. 

One  of  the  curious  incidents  connected  with  this  class 
of  people  was  the  famous  "Black  war*'  of  1836,  in 
Tasmania.  At  that  time  Sir  George  Arthur, — ^from  whom 
we  received  much  kind  hospitality, — was  the  Governor  of 
the  island,  and  as  the  natives  had  all  along  given  much 
trouble,  he  conceived  the  happy  idea  of  exterminating  the 
whole  race,  not  by  killing,  but  by  exiling.  To  accom- 
plish this,  he  attempted  to  capture  them  all  by  drawing  a 
cordon  of  3,500  troops  and  others  across  the  country. 
The  blacks,  however,  evaded  their  pursuers  in  every 
possible  way,  and  thus  the  efforts  which  had  been  made 
on  their  behalf  at  an  outlay  of  fully  ;^30,ooo,  proved 
unsuccessful.  Diplomacy  succeeded  where  force  had 
failed,  and  our  coloured  brethren  were  finally  induced  to 
surrender^  when  the  whole  of  the  tribes  were  shipped  to 
Flinders  Island  to  spend  the  rest  of  their  days. 

For  various  reasons  farming  did  not  prove  a  good 
speculation,  so  we  gave  it  up  and  went  back  to  civilisa- 
tion again,  at  the  beautifully  situated  and  pretty  little 
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seaside  town  of  WoUongong,  60  miles  south  of  Sydney, 
where  my  father  practised  law  once  more. 

Let  me  describe  our  journey  of  one  hundred  miles 
through  the  Australian  wilderness : — 

By  means  of  a  covered  cart  drawn  by  a  horse  we 
traversed  a  distance  of  twenty-five  miles  the  first  day,  and 
spent  the  night  at  the  *<  Blackheath  Inn."  On  the  follow- 
ing day  about  twenty  miles  to  the  '<  Weatherboard  Inn  " 
was  all  we  could  accomplish.  On  the  third  day  we  con- 
tinued our  journey  through  a  very  wild  territory,  and 
passing  over  in  our  course  a  dangerous  precipice  and  also 
part  of  the  Emu  Plains,  reached  the  river  Nepean,  which 
we  crossed  in  a  punt,  and  arrived  soon  afterwards  at  the 
village  of  Penrith  in  time  to  catch  the  mail  coach. 

At  2  o'clock  next  morning  we  were  off  again,  over  hill 
and  dale,  and  rut,  and  bog,  and'  ditch.  On  we  went 
through  Parramatta  with  its  orange  trees,  letting  every- 
one know  that  we  of  the  Royal  Mail  were  approaching. 
The  horses  pranced  along  in  fine  style,  and  in  the  after- 
noon— ^under  the  rays  of  a  tropical  sun — we  entered  the 
city  of  Sydney,  the  capital  of  New  South  Wales! 

I  shall  never  forget  that  eventful  day  in  the  year  1842, 
as  it  was  my  first  introduction  to  civilised  life — to  ships 
and  steamers,  to  the  beautiful  shops  and  the  crowded 
streets — indeed,  to  me,  it  was  quite  equal  to  a  scene  from 
the  Arabian  Nights,  After  a  short  stay,  we  left  by  the 
steamer  "Sophia  Jane"  for  WoUongong,  but,  as  my 
father  died  not  long  afterwards,  we  returned  to  Sydney  for 
a  time,  previous  to  our  departure  for  London. 

The  vast  island  of  New  Holland  was,  at  this  period, 
utterly  destitute  of  railways  and  docks,  and  everything 
relating  to  engineering  was  of  a  most  primitive  character. 
The  "  Tamar,"  "  James  Watt,"  "  William  the  Fourth," 
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and  a  few  other  vessels  fairly  represented  steam  naviga- 
tion, but,  as  there  were  no  tugs,  ships  sailed  in  or  sailed 
out  of  the  harbour,  or  were  helped  by  the  tide.  Water- 
works were  unknown,  and  the  only  supply  in  the  towns 
was  obtained  from  street  pumps,  or  from  water  carts. 
Gas  had  not  long  been  introduced,  and  other  manufac- 
tures did  not  exist.  The  shipping  lay  alongside  of  timber 
wharves,  and  when  vessels  needed  repairs  they  were 
hauled  up  on  Morton's  patent  slip,  by  manual  labour, 
assisted  by  winch  gearing.  The  steam  engine,  no  doubt, 
was  fully  appreciated  in  a  small  way,  but  the  windmill,  in 
many  instances,  proved  very  useful,  as  well  as  pic- 
turesquely ornamental. 

Everything,  in  this  respect,  is  now  wondrously 
changed,  and  I  believe  that  there  is  no  part  of  the  world 
where  engineering,  in  all  its  branches,  is  making  mose 
rapid  advances  than  in  New  South  Wales  and  Victoria. 

On  the  i8th  of  November,  1844,  H.M.S.  "Vestal" 
sailed  into  Sydney  Harbour.  She  was  sister  ship  to 
the  lost  "Eurydice'*  and  '^Atalanta,"  and  originated  a 
type  of  very  broad-beamed  frigates,  which  were  termed 
the  "Vestal  class,'*  whose  object  was  good  sailing 
power,  combined  with  great  stability.  Her  visit  to  the 
capital  was  quite  an  event,  but  no  one,  of  course,  had 
any  idea  that  her  unfortunate  relatives  would  have 
made  such  a  noise  in  the  world  as  they  did  in  later  years. 

On  the  same  day,  the  ship  "Sydney,"  in  which  we 
had  taken  our  passage  for  England,  left  the  Circular 
Quay,  and  anchored  a  short  distance  from  "  Pinchgut," 
now  "  Victoria,"  Island,  close  to  the  spot  where  the  S.S. 
"Austral"  sank.  If  Mr.  Plimsoll  had  seen  that  vessel 
of  ours,  I  am  very  sure  he 'would  not  have  "passed" 
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her,  as  she  was  too  deep  in  the  water  for  safety,  and  I  am 
ahnost  certain  that,  had  it  not  been  for  good  Captain 
White,  and  excellent  chief  officer  Reid,  a  first  rate  crew 
of  real  Jack  Tars,  and  the  absence  of  storms  on  the 
voyage,  we  would  all  have  gone  to  the  bottom.  As  it 
proved,  however,  a  flush  deck  and  very  small  freeboard 
made  the  ship  a  very  wet  one,  indeed.  Close  to  us  lay 
the  frigate,  and  in  the  near  distance  we  could  see 
Government  House  and  the  Botanic  Gardens,  and  also 
the  beautiful  surroundings  of  a  harbour  which  is  con- 
sidered by  many  the  finest  in  the  world. 

On  November  20th,  we  took  our  departure  for  Eng- 
land. Although  very  young  at  the  time,  I  well  remember 
that  calm,  sunny,  magnificent  day,  which  was  to  be  our 
last  in  that  part  of  the  globe.  Again,  through  the  mist 
and  shadow  of  years,  I  see  my  native  land,  and  the  closing 
scene  is  once  more  before  me  in  all  its  beauty.  The 
anchor  was  weighed  in  the  tedious  "  See,  saw,  click,  click, 
click  *'  style,  and  in  a  little  time,  the  tide  was  sweeping  us 
out,  but,  to  the  captain*s  great  annoyance,  it  almost 
bumped  the  ship  against  Pinchgut. 

Farewell,  Sydney!  joy  and  peace  be  with  you;  good 
bye,  ••  Vestal," 

"  The  anchor's  a-peak  and  away  we  go, 
Cheer,  boys,  cheer,  for  England,  O.'* 

The  city  was  receding,  the  Heads  were  approaching,  and 
at  last  the  blue  main  rose  to  view.  The  swell  of  the 
ocean  was  coming  in ;  the  breezes  of  the  Pacific  were 
again  upon  us.  The  end  of  the  jibboom  commenced 
dancing  upon  the  horizon,  and  the  sea  began  to  swish 
upon  the  deck.  Captain  White  paced  about,  giving 
orders,  and  the  mates  saw  them  executed. 
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*'Now  then,  Mr.  Reid,  look  sharp!  don*t  you  hear 
what  the  commander  tells  you  ?  Set  the  courses,  jib,  and 
fore  staysail,  shake  out  the  fore  and  main  topsails,  hoist 
away  and  sheet  home.  Let  us  have  the  topgallants  next, 
and  then  crowd  on  all  sail  at  the  mizzen.  Bear  a  hand, 
you  jolly  Jacks,  as  quick  as  you  like,  and  'yeo  ho*  as 
much  as  you  please.  Pull  away  at  the  halliards  and 
braces ;   all  together,  and  with  a  will — ^that's  right." 

*•  Set  the  royals,  sir  ?  *' 

•*  No,  thank  you ;  very  kind  of  you  to  mention  them." 

<*  Fasten  the  anchor  securely  for  the  present ;  stow 
away  the  colours,  and  make  everything  trim  and  snug. 
Well  done  I " 

"Steersman,  here's  your  course, — East-south-east, — 
and  keep  her  steady.  We  go  by  Cape  Horn  this  time,  as 
the  trade  wind  suits." 

Our  ship  has  now  spread  all  sail  to  the  gale,  and  Lon- 
don is  already  a  little  nearer  than  it  was  in  the  morning. 

Adieu — adieu  I  my  native  shore 

Fades  o'er  the  waters  blue  ; 
The  night  winds  sigh, — the  breakers  roar, 

And  shrieks  the  wild  seamew. 

One  last  look,  ere  we  go  below,  at  the  sunny  land 
which  is  fading  away,  and  then,  farewell  Australia  I 

Our  first  night  at  sea  was  a  rough  one.  It  was  ulid 
water — not  spray — that  came  over  our  bows,  and  swept 
the  deck  from  stem  to  stern,  and  came  down  the  skylight, 
and  flooded  the  cabin.  Captain  White  said  he  would 
never  again  permit  the  owners  to  load  the  ship  so  deeply, 
as  the  lowest  plank  of  the  bulwarks  had  to  be  removed 
for  the  purpose  of  enabling  her  to  free  herself  quickly 
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when  inundated.  This,  however,  allowed  the  water  to 
come  in  upon  us  more  easily  at  all  times,  and  for  a 
long  period  we  had  indeed  very  little  dry  ground  to 
stand  on. 

As  far  as  Cape  Horn  we  did  well,  that  is,  we  had  a 
fair  breeze,  and  good  daily  runs  of  about  190  miles,  but, 
in  the  tropics,  had  many  ba£9ing  winds  and  calms,  and 
on  one  occasion  three  whole  days  were  occupied  in  sail- 
ing over  twenty-four  miles  of  our  course.  The  heat  was 
intense,  the  surface  of  the  water  often  like  a  millpond, 
and  the  morning  and  evening  glories  by  which  we  were 
surrounded  truly  magnificent.  Such  exquisite  moonlight 
and  starlight  scenes  we  had !  and  plenty  of  time  to  look 
at  them,  too,  as  the  ship  frequently  made  so  little 
progress. 

Many  years  ago,  a  brother  of  the  writer  commanded 
one  of  Brocklebank*s  Calcutta  liners,  and  on  .a  certain 
occasion  breakfasted  on  some  fish  which  had  been  caught 
the  previous  day,  and  carelessly  left  out  in  the  moonlight. 
Those  who  had  eaten  them  were  quickly  seized  with  a 
distemper  which  caused  their  heads  to  swell  most  pain- 
fully^  and  with  much  inflammation.  The  danger,  however, 
passed  away.  Some  said  the  heat  had  spoilt  the  fish. 
Had  it,  though?  Well,  there  is  nothing  like  practical 
science  for  enabling  people  to  find  out  a  first  cause  for 
most  things,  so  two  more  were  hooked  and  experimented 
upon.  One  was  draped,  and  the  other  left  uncovered,  but 
both  were  hung  up  all  night  as  before,  and  in  the  morning 
the  former  was  quite  in  good  condition,  whereas  the  latter 
was  putrid. 

At  another  time,  the  same  individual  was  on  a  voyage 
to  Valparaiso  in  the  Pacific  S.S.  *•  Magellan.'*  One 
afternoon,  a  sheep  was  killed  for  the  use  of  the  passen- 
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gers,  and  next  morning  part  of  the  animal  was  cooked 
for  breakfast. 

<*Nice  cutlets^  these/'  said  the  Captain  to  one  who 
sat  by  him. 

<<  Very  fine,  indeed ;  111  take  a  little  more,  please/*  was 
the  reply. 

In  the  course  of  the  day,  something  seemed  to  have 
gone  wrong  with  the  ship,  or  the  passengers,  or  both 
together.  Was  it  an  epidemic  ? — or  a  plague  ? — or  what 
in  the  world  was  it  ?  A  number  of  ladies  and  gentlemen 
had  suddenly  and  mysteriously  become  very  ill;  the 
captain,  purser,  and  doctor  dangerously  so. 

"Wha-at  ha-ad  you  for  breakfast?"  faintingly 
inquired  the  latter  of  a  lady  who  came  to  him  for  advice. 

"  Mutton  cutlets." 

**  Good  gracious !  that  is  just  exactly  what  I  had 
myself." 

The  secret  was  at  last  discovered — it  was  ascertained 
that  the  carcase  of  the  sheep  had  been  carelessly  left  all 
night  exposed  to  the  moon's  rays,  had  thus  become 
poisoned,  and  produced  the  results  we  have  mentioned. 

Just  one  more  scientific  fact  out  of  many  connected 
with  the  sea : — The  Brocklebank  captain  just  referred  to 
was  one  calm  day  far  out  upon  the  ocean,  bound  for 
Calcutta.  While  below  in  the  cabin  he  heard  a  noise  as 
if  some  one  had  been  scraping  the  side  of  an  iron  ship, 
and  yet  there  was  no  vessel  near  them  that  they  could 
discover. 

'*Did  you  make  that  scraping  noise?"  he  said  to  a 
sailor,  upon  going  on  deck. 

"  No  sir." 

<'  Did  you  hear  any  scraping  noise  ?  "  the  chief  o£5cer 
was  asked. 
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••  No  sir." 

«  Well  that  is  strange !  I  am  positive  I  heard  it,  what* 
ever  the  cause  may  have  been,  and  yet  no  vessel  is  in 
sight — can  it  be  a  delusion  ?  " 

Shortly  afterwards  they  passed  an  iron  ship,  which  at 
this  time  was  hull  down  on  the  horizon.  "  Were  you 
doing  anything  to  your  vessel  three  hours  ago  ?  "  was  a 
question  put  to  the  stranger.  **  We  were  hammering  and 
scraping  our  sides,"  was  the  reply.  Thus  it  turned  out 
that  the  noise  had  been  a  reality  after  all !  It  appeared, 
however,  that  such  a  marvellous  transmission  of  sound 
through  the  sea  and  over  a  distance  of  about  fourteen 
miles  was  due  partly  to  the  state  of  the  air  and  water  at 
the  time,  and  also  to  the  fact  that  the  wooden  sides  of  the 
Calcutta  liner  were  good  conductors  of  sound. 

In  certain  places  the  sea  bristles  with  wonders,  a  few 
of  which  might  be  appropriately  referred  to  in  this 
chapter  if  space  permitted.  Those,  however,  who  are 
curious  in  such  matters  will  obtain  much  interesting  and 
valuable  information  from  all  the  books  relating  to 
the  H.M.S.  ''  Challenger  "  expedition,  in  which  the  latest 
discoveries  in  engineering  and  other  sciences  were  made 
use  of  in  every  possible  manner. 

One  of  the  numerous  marvels  of  the  ocean  has  been 
the  depths  of  its  waters,  concerning  which  the  most 
absurd  ideas  formerly  existed.  We  remember  the  time 
when  it  was  said  to  be  "  bottomless  "  in  some  places,  and 
no  doubt  people  had  good  reason  for  thinking  so.  Ships 
were  sent  out  on  scientific  expeditions  and  returned  with 
most  astonishing  reports.  One  of  them  said  that  in  the 
south  Atlantic  she  had  let  out  50,000  ft.  of  line,  but  could 
find  no  ground.  No  wonder,  then,  that  false  impressions 
were  made  upon  the  public  mind  in  this  respect,  or  that 
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able  articles  appeared  in  the  scientific  magazines  of  the 
period  in  support  or  refutation  of  such  ideas. 

Now,  the  "  Challenger "  expedition  exposed  this 
fallacy,  and  proved  indisputably  that  the  sea  was  not 
nearly  so  deep  as  it  was  supposed  to  be,  because  all  the 
latest  and  best  resources  of  modern  engineering  were 
utilised  by  those  on  board  that  ship,  to  enable  them  to 
prosecute  their  investigations  with  ease  and  accuracy  in 
every  department  of  science,  and  especially  so  in  this 
case.  The  reason  why  the  ocean  depths  were  gauged  so 
exactly  was  because  the  sounding  lines  used  were  small 
in  diameter  and  immensely  strong,  and  the  sinkers  of 
peculiar  shape  and  of  about  one  hundred  weight  for  every 
thousand  fathoms.  In  addition  to  this,  they  had  a  most 
efficient  and  simple  checking  gear,  or  "  accumulator," 
which  enabled  the  action  of  the  heavy  sinker,  while 
passing  through  the  water,  to  be  carefully  ascertained. 
On  reaching  the  bottom,  however,  it  was  disengaged  from 
the  line,  which,  along  with  an  attached  tube,  containing 
a  specimen  of  the  ocean  bed,  was  run  in  by  means  of 
little  engines  on  the  deck  of  the  ship. 

The  "unlimited  soundings"  referred  to  were  caused 
by  a  thick  sounding  line  that  was  carried  away. in  long 
bends  by  the  force  of  deep  sea  currents,  which  the 
68-pound  shot,  generally  used  at  the  time,  was  incapable 
of  counteracting.  Under  these  circumstances  it  was 
utterly  impossible  to  obtain  even  a  fair  idea  of  ocean 
depths. 

The  "  Challenger's  *'  numerous  sections  of  the  ocean 
bed,  extending  in  a  systematic  manner  between  points 
many  hundreds  of  miles  apart,  are  very  interesting  and 
explanatory.  From  them,  as  well  as  from  her  various 
charts  of  general  soundings,  we  learn  that,  both  on  the 
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American  and  British  coasts,  the  depths  inside  of  the 
hundred  fathom  line  decrease  gradually  towards  the 
mainland,  whereas,  outside  of  the  same  boundary,  they  fall 
away  very  rapidly  to  somewhere  about  2,000  fathoms. 
After  that,  the  Atlantic  bed  becomes  an  undulating 
plain  for  hundreds  of  miles  at  a  stretch  within  certain 
areas. 

In  the  Atlantic,  the  deepest  soundings  of  3,875 
fathoms,  or  about  4^  miles,  were  discovered  at  a  point  80 
miles  north  of  St.  Thomas,  and  the  greatest  known  depth 
in  the  world  lies  in  the  narrow  channel  between  the 
Ladrone  and  Caroline  Islands,  in  the  Pacific.  This 
depth  is  4»575  fathoms,  or  5^  miles.  The  Island  of  Ber- 
muda is  very  flat,  and  yet  from  8  to  10  miles  off  its  coast 
line  about  2,000  fathom  water  has  been  found  in  some 
places.  On  the  north-west  coast  of  Australia,  too, 
between  the  mainland  and  Timor,  the  greatest  depth  in 
the  Indian  Ocean,  3,020  fathoms,  was  discovered.  In 
short,  many  of  the  islands  in  the  Pacific  rise  immediately 
from  similar  depths,  thus  indicating  extreme  irregularities 
in  the  outline  of  its  bottom. 

This  ocean  is  quite  a  hotbed  of  volcanic  energy  which 
indicates  its  presence  in  many  ways.  Here,  however,  we 
find  the  small  calamities  of  the  natural  world  preventing 
those  which  are  infinitely  greater.  The  floor  of  the 
Pacific  is  like  the  shell  of  a  gigantic  steam  boiler,  and 
were  it  not  for  those  beautiful  safety  valves — the  volca- 
noes— which  stud  its  area  and  surroundings,  a  large 
portion  of  a  hemisphere  would  have  been  torn  up,  blown 
up,  and  transformed  in  a  manner  unknown  since  the 
Creation.  The  force  capable  of  doing  this  is  simpfy  the 
high  pressure  steam  which  is  made  in  enormous  quan- 
tities, by  cataclysms  of  water  rushing  through  fissures  in 
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the  earth  upon  its  incandescent  interior,  and  held  in 
check  by  volcanic  outbursts,  which,  comparatively  speak- 
ing, do  little  mischief. 

Upon  reaching  the  Channel  we  engaged   a  pilot,   to 
whom  Captain  White  resigned  the  entire  command  of  the 
ship,  and  shortly  afterwards  arrived  at  Deal,  where  mre 
found  the  inward  bound  "Greenlaw,"  which  had  sailed 
from  Sydney  a  month  before  us.      We  also  came  in  for 
two  Sundays  in  one  week,  because  we .  had  gained  a  day 
by  sailing  round  the  globe.    This,  I  may  remark,  is  the 
point  upon  which  the  story  of  Round  the  World  in  Eighty 
Days  hinges,  and  which    enabled    the    gentleman    who 
undertook  the  journey  to  win  his  handsome  wager  by  one 
second.     We  lay  in  the  Downs  all  night,  and  next  morn- 
ing were  towed  into  London,  after   having  been   four 
months  and  ten  days  on  the  voyage. 

Things  have  changed  since  then.  Steam  navigation 
has  completely  altered  everything.  The  old-fashioned 
'*  eight  months  to  India  "  style  of  ship  has  disappeared, 
and  we  have  now  magnificent,  swift,  hotel-like  steamers 
which  make  a  voyage  to  or  from  Australia  a  mere  holiday 
trip,  instead  of  a  long  and  dreary  passage  such  as  I  have 
described. 

An  Orient  or  a  P.  and  O.  steamer  on  the  voyage  is 
quite  a  little  floating  world,  where  all  classes  of  society 
and  every  possible  shade  of  taste  and  disposition  are 
thrown  together  during  the  trip.  A  great  variety  of 
emplo3anents  occupy  the  minds  of  the  passengers,  and 
amongst  them  the  following  may  be  mentioned:  Cricket 
and  lawn  tennis,  of  a  certain  kind ;  quoits,  bowls,  and 
curling,  for  which  circles  of  rope  are  utilised.  ''  Sling  the 
monkey,'*  a  favourite  and  exciting  game;   also  racing. 
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which  includes  hopping  races,  walking  backwards,  races 
for  girls  and  boys,  etc. 

Other  sources  of  amusement  for  all  consist  of  duly 
advertised  "  Two  days*  athletic  sports,"  with  the  making 
up  and  presentation  of  prizes  at  the  end.  Dancing  holds 
high  rank  in  calm  moonlight  nights,  upon  the  spacious 
upper  deck ;  but  there  is  nothing,  perhaps,  which  gives 
such  intense  enjoyment  as  the  preparation  for  a  theatrical 
performance,  or  a  "  fancy  dress  ball."  What  with  the 
painting  of  high  art  programmes  and  flaming  posters,  in 
the  very  loftiest  style, — ^what  with  dressmaking,  and  got- 
up  costumes  not  to  be  seen  in  any  city  in  the  world, — 
what  with  one  thing  and  what  with  another,  from  first  to 
last,  the  ladies,  at  least,  have  a  delightful  time  of  it. 

Concerts  are  given,  and  assizes  held.  A  newspaper 
has  plenty  of  contributors  to  its  columns,  so  long  as  the 
foolscap  of  the  ship  lasts.  Scientific  people,  too,  have 
their  special  recreations,  while  the  captain  takes  care  that 
the  regulations  of  the  Company  are  attended  to,  and  that 
no  one  interferes  with  the  discipline  of  the  vessel,  or 
abuses  in  any  way  his  or  her  privileges. 

On  Sunday,  •'  church  "  is  held  on  board,  in  which  a 
good  choir,  who  practice  during  the  week,  give  able 
assistance.  These  remarks  will  indicate  a  few  of  the 
occupations  of  passengers  on  board  a  modern  Australian 
liner ;  and  those  who  remember  the  state  of  things  in  this 
respect  forty  years  ago,  will  now  realize  the  great  change 
which  has  taken  place  in  long  sea  voyages. 
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CHAPTER  XXVIII. 

ENGINEERING   OF   THE    PAST   AND    PRESENT. 

James  Watt  and  his  followers — What  Engineeriog  has  done  in  the  Past — 
Effects  produced  by  simple  Improvements — Application  of  different 
kinds  of  Motive  Power — Hydraulic  Power  on  a  vast  scale — Great 
Compressed  Air  Schemes — Hydro-Pneumatic  System  of  Sewerage 
and  Drainage— Atmospheric  Gas  Engines — Electric  Motors  for 
Launches,  &c.— Cunard  S.S.  "Umbria"  and  "  Etruria "— The 
"  One  Man  "  system — Charles  Maclver — Engineering  in  the  New- 
castle District — Allusions  to  Messrs.  Denny  and  Messrs.  Laird — 
The  *'  Practical  Man  *'  in  fancy  and  in  reality. 

Upon  taking  a  retrospective  glance  at  what  engineer- 
ing has  done  during  the  last  eighty  years,  one  cannot  but 
feel  astonished  that  so  many  centuries  rolled  away  before 
the  science  assumed  a  really  practical  form,  and  that  it 
should  have  been  left  to  James  Watt  to  put  into  proper 
shape  a  force  which  the  ancients  touched  upon  so  closely. 
And  yet,  after  Watt  had  made  his  great  discovery,  it  is 
amazing  how  rapidly  the  new  and  mighty  power  effected 
a  complete  revolution  in  our  preconceived  ideas  of  travel 
and  manufacture,  and  gave  rise  to  new  discoveries  which 
have  been  successfully  developed  by  many  talented  engi- 
neers who  followed  in  his  wake. 

To  Mr.  Patrick  Miller,  of  Dalswinton,  we  owe  the 
first  important  movement  regarding  steam  navigation, 
which  paved  the  way  for  its  general  introduction  some 
years  afterwards.  And,  after  its  introduction,  we  find 
Caird  and  Napier,  in  Scotland,  and  Penn  and  Maudslay, 
in  England,  amongst  the  leaders  of  those  who  have  done 
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SO  much  to  perfect  the  marine  engine.  We  also  find 
Whitworth  and  Fairbaim,  in  their  respective  branches, 
also  Stephenson  and  other  engineers,  all  concentrating 
their  energies  in  different  lines  of  thought,  but,  neverthe- 
less, individually  and  unitedly,  developing  that  branch  of 
modem  science  termed  Mechanical  Engineering,  which 
has  brought  about  so  many  beneficial  changes. 

One  curious  fact  connected  with  some  of  them  is  the 
extreme  simplicity  of  certain  arrangements  which  have 
proved  absolutely  invaluable.  Take,  for  example,  the  fast 
and  loose  pulley  for  driving  machines ;  the  bolt  and  nut 
with  standard  screws,  for  fastening  their  parts  together ; 
the  slide  rest,  for  turning  out  rapidly  and  accurately  work 
that  formerly  was  done  in  a  very  slow  and  imperfect 
manner  by  hand  labour;  and,  among  very  many  other 
important  improvements,  may  be  mentioned  Fox*s  corru- 
gated furnaces,  which  enable  engineers  to  use  steam 
pressures  previously  impracticable.  The  simple  process 
of  corrugation  —  now  applied  successfully  in  a  great 
variety  of  ways --has  enabled  these  furnaces  to  possess 
about  four  times  the  strength  of  plain  flues  of  the  same 
thickness  and  diameter,  and  this  has  greatly  facilitated 
the  introduction  of  the  triple  and  quadruple  expansion 
engines. 

At  no  period  in  the  history  of  Engineering  have  so 
many  advantages  been  placed  within  the  reach  of  em- 
ployers of  power  as  at  the  present  time,  since  manufac- 
turers and  constructors  of  every  description  can,  at  small 
cost,  obtain  engines  exactly  suited  to  their  requirements, 
whose  motive  power  may  be  steam,  water,  electricity, 
compressed  air,  or  gas,  according  to  circumstances. 

For  instance,  where  coal  is  cheap  and  plentiful,  and 
considerable   power  is  required   in  driving   machinery, 
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nothing  could  be  better  than  the  steam  engine ;  but  where 
intense  and  concentrated  pressures  of  an  intermittent 
character,  such  as  those  which  are  in  use  for  cotton 
presses,  the  management  of  dock  works  over  a  large  area, 
and  the  various  processes  in  engineering  spread  over 
towns  and  cities,  hardly  an3rthing  can  be  so  conveniently 
or  so  economically  applied  as  hydraulic  power.  Here, 
however,  the  steam  engine  must  be  employed  to  pump 
water  into  '*  accumulators'*  until  the  desired  pressure  of 
many  hundreds  of  pounds,  or  perhaps  from  four  to  five 
tons  per  square  inch  is  obtained.  For  ordinary  purposes, 
the  institution  of  Public  Hydraulic  Power  Companies  has 
been  attended  with  very  beneficial  results,  since  by  their 
agency  a  large  amount  of  the  intermittent  and  extremely 
varied  work  of  great  communities  can  be  performed  at 
little  cost. 

One  of  the  most  novel  applications  of  water  power  is 
to  be  found  in  a  Parisian  Hippodrome,  the  large  circus  of 
which  is  supported  upon  numerous  hydraulic  rams  which 
allow  the  arena  to  be  lowered  into  a  reservoir,  thus 
forming  a  lake  upon  which  various  aquatic  performances 
may  be  produced. 

For  light  work  in  general  the  field  is  greatly  enlarged, 
and  compressed  air  engines  or  machines  are  very  exten- 
sively used ;  but  here  again,  steam  machinery  is  employed 
to  compress  the  air  sufficiently.  In  tunnelling  or  mining 
operations  under  ground  this  motive  power  is  most 
valuable,  as  the  air  can  be  conveyed  through  pipes  for 
great  distances  with  very  little  loss  of  pressure,  and,  when 
liberated  from  the  machine  or  engine,  it  forms  an  excel- 
lent means  of  ventilation. 

Compressed  air  as  a  motive  power  has  been  for  a  long 
time  successfully  applied  in  a  great  variety  of  ways,  and 
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its  sphere  of  usefulness  has  lately  been  very  considerably 
enlarged,  as  great  schemes  are  now  in  contemplation  for 
supplying  it  over  a  large  area  in  several  towns  by  means 
of  underground  pipes.  The  object  of  the  promoters  of 
these  schemes  is  to  supply  the  above-mentioned  power 
to  supersede  steam  in  driving  ordinary  engines,  steam 
hammers,  steam  pumps,  pile  drivers,  domestic  motors, 
and  a  great  variety  of  other  machinery,  as  well  as  for 
providing  air  for  ventilating  or  exhausting  purposes, 
the  working  of  blast  furnaces,  and  also  for  discharging 
sewage  or  raising  liquids. 

Under  the  superintendence  of  Mr.  John  Sturgeon, 
C.E.,  as  engineer-in -chief,  an  extensive  undertaking  of 
this  nature  has  been  carried  out  in  Birmingham. 

The  works  are  at  present  laid  out  for  the  employment 
of  15,000  indicated  horse  power  by  means  of  fifteen 
engines  of  1,000  horse  power  each,  and  the  area  to  be 
worked  by  this  system  amoimts  to  about  five  square 
miles,  but  sufficient  land  has  been  acquired  to  allow  for 
future  extension,  and  also  for  the  employment  of  an  addi- 
tional 20,000  horse  power.  The  compressed  air  to  be 
thus  distributed  to  consumers  will  be  conveyed  through 
about  twenty-three  miles  of  wrought-iron  welded  pipes 
laid  in  concrete  troughs,  and  varying  from  seven  inches 
to  twenty-four  inches  diameter,  and  the  working  pressure 
is  intended  to  be  forty-five  pounds  per  square  inch. 

Nowhere,  perhaps,  has  compressed  air  as  a  motive 
power  been  found  more  useful  than  in  the  hydro- 
pneumatic  system  of  sewerage  invented  by  Mr.  Isaac 
Shone,  C.E.,  of  Westminster,  which  possesses  many 
valuable  features,  and  has  been  very  successfully  applied 
to  various  towns,  including  Eastbourne,  Southampton, 
Warrington,  and  many  other  places  at  home  and  abroad, 

DD 


432  ENGINEERING,  POPULARLY      chaf.  xxviii. 

including  the  main  drainage  of  the  Houses  of  Parlia- 
ment. In  these  instances  the  motive  power  is  produced 
by  means  of  the  Atkinson  gas  engine  air  compressor, 
which  is  extremely  simple,  economical,  and  effective, 
and  affords  extraordinary  facilities  for  keeping  the  air 
pressure  constant.  It  also  needs  no  other  attention  than 
that  required  for  lubrication  and  occasional  cleaning. 
The  advantages  possessed  by  Mr.  Shone's  system  of 
sewerage  and  drainage  are  numerous  and  important,  and 
sufficiently  inexpensive  to  render  it  of  great  value  in 
localities  where  self-cleansing  sewers  cannot  be  made  on 
the  gravitation  principle  without  incurring  enormous 
outlay. 

There  is  no  engine  which  is  so  entirely  independent  of 
steam  as  the  atmospheric  gas  engine,  which  has  now 
attained  a  high  degree  of  perfection.  This  beautiful  piece 
of  machinery  is  one  of  the  most  valuable  innovations  of 
modern  times,  as  the  steam  boiler  with  its  attendant  dirt, 
smoke,  space  occupied,  working  expenses,  and  risk  of 
explosion,  is  entirely  dispensed  with.  The  principle  upon 
which  this  engine  works  is  the  propelling  power  of  com- 
mon gas  by  explosion  when  sufficiently  diluted  with 
atmospheric  air,  hence  the  term  **  Atmosphmc  gas  engine/* 

The  bursting  of  a  bomb  shell  inside  a  gas  holder  will 
do  no  more  mischief  than  to  cause  the  gas  to  bum  away 
quietly  in  large  jets  until  it  is  all  used  up.  This  was 
proved  at  the  siege  of  Paris  in  1870.  On  the  other 
hand,  a  highly  explosive  compound  is  produced  by 
mixing  coal-gas  with  about  eight  times  its  volume  of 
air,  and  this  fact  is  taken  advantage  of  in  the  engines 
just  mentioned.  For  driving  light  machinery,  or  for 
hoisting  purposes,  they  are  specially  adapted,  and  where 
the  work  is  of  an  intermittent  character,  the  average  con- 
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sumption  of  gas  has  been  as  low  as  lod.  per  day  during 
three  months,  for  a  3|^-horse  power  engine  running  con- 
stantly, and  with  gas  at  3s.  per  1,000  feet. 

These  engines  are  made  with  single  or  double  cylin- 
ders, and  may  be  either  horizontal  or  vertical,  according 
to  circumstances,  and  of  sizes  ranging  from  2  to  about  40 
indicated  horse  power. 

Amongst  the  numerous  innovations  of  the  present  age 
may  also  be  mentioned  the  electric  motors  of  Messrs. 
Immisch  &  Co.,  which  are  of  the  highest  efficiency,  and 
applicable  for  a  variety  of  purposes,  including  pumping, 
hauling,  winding,  fan  driving,  &c.,  and  also  for  the 
propulsion  of  launches.  -  When  used  for  small  vessels  the 
power  is  somewhat  more  expensive  than  steam,  but  this 
is  balanced  by  compensating  advantages,  such  as  the 
comfort  and  convenience  of  passengers,  freedom  from 
noise  and  vibration,  and  from  heat  and  smell.  A  plate  of 
one  of  the  above  is  annexed. 

One  of  the  marked  features  of  the  present  day  is  the 
creation  of  gigantic  establishments,  and  the  vast  exten- 
sion of  others,  which,  twenty  or  thirty  years  ago,  were  of 
very  limited  dimensions  and  sometimes  greatly  over- 
worked. The  largest  establishment  in  Scotland  is  that  of 
the  Fairfield  Shipbuilding  and  Engineering  Company,  on 
the  Clyde,  which  occupies  an  area  of  about  seventy  acres ; 
but  the  most  extensive  in  Great  Britain  is  Messrs. 
Palmer's,  at  Jarrow,  on  the  Tyne,  covering  nearly  one 
hundred  acres  of  land.  In  these  works,  —  a  view  of 
which  is  shewn  in  the  frontispiece, — the  raw  ironstone 
from  the  Company's  mines,  near  Whitby,  is  taken  in  at 
one  end,  smelted  in  the  blast  furnaces,  passed  through 
the  rolling  mills,  steel  works,  and  forges,  and  in  a  finished 
state  is  formed  into  engines,  boilers,  and  ships,  all  the 
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brass  and  iron  castings  for  which    are    made    on    th6 
premises. 

A  view  of  the  first  P.S.  **  Comet  **  is  shown  in  Chapter 
IV ;  the  early  Atlantic  steamers  have  already  been  men- 
tioned ;  and  the  last  illustrated  description  of  ships  will 
refer  to  the  Cunard  S.S.  "  Umbria  "  and  **  Etruria."  The 
annexed  Plate  is  from  a  photograph  of  the  former,  but  is 
equally  applicable  to  the  latter,  as  she  is  a  sister  vessel  in 
every  respect.  Their  general  dimensions  are  as  follows : — 

Length  over  all  520  feet,  extreme  breadth  57  feet 
3  inches,  depth  to  the  upper  deck  40  feet,  and  to  the 
promenade  deck  49  feet.  The  gross  tonnage  of  each 
is  8,000  tons.  Both  ships  are  built  of  steel,  and  by 
the  division  of  each  into  ten  water-tight  compartments, 
the  bulkheads  of  which  are  carried  to  the  upper  deck 
and  fitted  with  waterproof  doors,  the  danger  in  the 
event  of  a  collision  or  the  outbreak  of  fire  is  minimised, 
while  at  the  same  time  the  isolation  which,  for  sanitary 
purposes,  may  be  obtained  by  this  arrangement  is  of  no 
small  importance. 

The  promenade  deck,  which  is  reserved  for  the  use  of 
first-class  passengers  only,  is  300  feet  long  and  extends 
over  the  full  breadth  of  the  vessel.  The  dining  saloon, 
also  the  full  breadth  of  the  ship,  is  76  feet  long,  and  is 
seated  for  upwards  of  300  people,  but  as  most  of  the  state- 
rooms are  fitted  with  two  berths,  accommodation  is 
provided  for  720  first-class  passengers. 

The  engines  indicate  about  15,000  horse  power,  and 
are  of  the  ordinary  three  cylinder  compound  description, 
having  one  high  pressure  cylinder  71  inches  diameter, 
and  two  low  pressure  of  105  inches  diameter,  all  of  which 
have  a  stroke  of  six  feet. 

During  nine  outward  voyages  of  the   "  Etruria "   in 
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1886,  her  average  speed  between  Sandyhook  and  Queens- 
town,  including  summer  and  winter  passages,  was  17*7 
knots  per  hour,  and  on  the  same  number  of  homeward 
runs  this  was  increased  to  17*97  knots.  On  her  trial 
trip,  however,  the  speed  realized  was  21  knots  per  hour, 
and  that  of  the  '*  Umbria  "  was  practically  the  same.  The 
cost  of  each  ship  was  about  ;^330,ooo ;  the  quantity  of 
coals  burnt  per  day  amounts  to  300  tons ;  and  the  crew,  in- 
cluding officers  and  men  in  all  departments,  numbers  287. 

The  introduction  of  railways  and  successful  ocean 
steam  navigation,  as  well  as  of  many  other  great  move- 
ments that  have  taken  place  since  the  world  began,  have 
been  chiefly  the  result  of  the  **  Ont  Man  "  system.  That 
is,  a  single  individual,  who,  impelled  by  the  idea  that  h$ 
was  right  and  everyone  else  was  wrong,  persistently  main- 
tained his  point  against  all  opposition,  and  triumphed  in 
the  end. 

This  was  especially  the  case  with  Stephenson,  and 
perhaps  in  a  modified  degree  with  Junius  Smith,  while 
trying  to  introduce  his  own  enlightened  ideas  regarding 
the  passage  of  the  Atlantic.  And  even  after  his  scheme 
was  fairly  established,  its  development  and  success 
depended  upon  another  *'  one  man ''  who  did  what  no  one 
else  has  been  able  to  accomplish — work  a  large  fleet  of 
splendid  steam  vessels  across  that  ocean  for  forty  years 
and  never  lose  a  life,  a  letter,  or  a  ship. 

The  ''  single  gentleman "  in  this  case  was  Charles 
Maclver,  whose  character  and  magnificent  capacity  for 
organisation  on  a  grand  scale  are  too  well  known  to  need 
further  comment.  We  may  add,  however,  that  he  origin- 
ated a  system  of  management  which  no  one  apparently 
has  been   able  to  improve,  and  which  no  doubt  many 
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availed  themselves  of  in  their  own  Companies,  but  without 
obtaining  similar  success.  Mr.  Maclver's  leading  charac- 
teristics were  comprehensiveness,  steadiness  of  purpose, 
and  a  love  of  his  business  and  associates  in  it,  which  was 
probably  increased  by  the  fact  that  he  was  the  sole  and 
responsible  chief  upon  whom  devolved  the  guidance  of  the 
vast  undertaking  he  was  placed  over,  and  upon  whose 
judgment  everyone  relied. 

Not  only  was  this  the  case  from  a  commercial  point.of 
view,  but  in  all  matters  regarding  the  construction  of  his 
steamers,  during  the  long  period  we  have  mentioned,  he 
decided  for  himself  the  leading  particulars  of  every  vessel. 
At  last,  however,  his  partners  proposed  changes  he  could 
not  approve  of,  and  the  result  was  his  withdrawal  from 
the  firm,  which,  under  a  new  arrangement,  became  in 
1882  an  ordinary  limited  liability  undertaking,  with  a 
capital  of  ;^2,ooo.ooo,  and  open  to  any  investor  who 
wished  to  possess  a  ;^20  share. 

The  shipbuilding  districts  chiefly  mentioned  in  this 
volume  are  those  of  the  Clyde  and  Mersey,  simply 
because  a  long  and  intimate  acquaintance  with  both  has 
enabled  me  to  describe  them  from  personal  knowledge. 
My  only  regret,  however,  is  that  I  have  thus  been 
prevented  from  extending  my  remarks  to  that  most  impor- 
tant shipbuilding,  engineering,  and  iron  manufacturing 
locality  which  lies  between  the  Tyne  and  the  Tees, 
known  as  the  **  North-eastern  district.**  Amongst  the 
great  variety  of  establishments  abounding  in  that  region, 
are  to  be  found  some  of  the  largest  and  most  famous  in 
the  world,  and  one  interesting  feature  they  possess  is  the 
extreme  rapidity  of  development  which  in  recent  years 
has  characterised  many  of  them,  and  also  the  swift  exten- 
sion of  the  leading  manufactures  connected  with  them. 
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I  have  referred  to  many  engineers  and  engineering 
firms,  and  especially  to  Messrs.  Denny  and  Messrs. 
Laird,  with  whom  I  had  the  honour  of  being  so  long 
associated.  The  former  commenced  shipbiiilding  in  the 
year  181 7,  and  have  now  one  of  the  largest  establish- 
ments on  the  Clyde.  In  1883  the  late  Mr.  William  Denny 
introduced  a  system  of  extension  and  re-arrangement  of 
the  premises  to  almost  double  their  previous  size,  includ- 
ing the  formation  of  a  new  tidal  dock  with  the  most 
powerful  appliances  for  lifting  purposes.  A  system  of 
narrow-gauge  portable  railways  throughout  the  establish- 
ment ;  the  electric  lighting  of  the  workshops  and  offices ; 
the  substitution  of  powerful  hydraulic  gear  in  lieu  of 
steam  machinery;  and  the  introduction  of  telephonic 
communication  on  an  extensive  scale  were  among  his 
latest  achievements. 

The  establishment  of  Messrs.  Laird  Brothers  was 
founded  in  1829,  and  the  present  firm  has  had  a  most 
successful  career,  as  previously  mentioned. 

The  '*  practical  man  *'  is  commonly  supposed  to  be 
a  workman  who,  with  soiled  face  and  grimy  hands,  can 
accurately  bore  a  steam  cylinder,  or  turn  a  shaft,  or  do 
some  good  erecting,  and  use  with  facility  the  hammer,  the 
chisel,  and  the  file.  The  true  practical  man,  however,  is 
he  who  in  all  the  ranks  of  life  can  combine  science 
with  practice  in  such  a  manner  as  to  produce  the  most 
economical  and  advantageous  results.  This  title  is 
applicable  to  all  the  great  engineers,  and  especially  to 
the  Commanders  in  Chief  of  those  famous  works  the 
descriptions  of  which  have  awakened  in  my  own  mind 
very  many  happy  remembrances. 
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CHAPTER    XXIX. 

TRIPLE     EXPANSION     MACHINERY. 

Shipowners*  idea  of  Marine  Engines — Results  of  "Tripling"  two  long 
▼oyage  Steamers — Cause  of  Economy  in  Triple  Engines — ^Table  of 
mean  Pressures  at  different  rates  of  Expansion — ^Table  of  Powers 
produced  by  variously  Expanded  Steam — Ratios  of  Expansion  in 
Compound  and  Triple  Engines — Long  Voyage  Experiments — Space 
required  for  Engines — Reduction  of  Weight — Newest  style  of  Triple 
Engines — Wear  and  Tear — Management  at  Sea — Steamship  per- 
formances— ^Trial  of  S.S.  **  Meteor " — Indicator  Cards  and  Coal 
Consumption— Liquid  Fuel  in  Steamers — ^Yarrow^s  Vaporised  Spirit 
Engines* 

There  can  be  no  doubt  that  the  triple  expansion  engine 
has  superseded  the  compound  machinery  of  former  years, 
but,  as  some  one  observed,  "  every  dog  has  his  day,"  and 
so  also  has  every  new  fashion.  We  may,  therefore, 
conclude  that  the  Triple  engines  will  have  their's,  until 
perhaps  the  Quadruples  are  similarly  in  the  ascendant, 
or  those  of  another  design,  which  will  be  described 
farther  on. 

The  late  Mr.  Robert  Wyllie,  of  Hartlepool,  and  Mr. 
J.  P.  Hall,  of  Messrs.  Palmer's,  have  contributed  a  large 
amount  of  valuable  information  on  this  subject  derived 
from  trustworthy  sources,  and  to  these  gentlemen  we  are 
indebted  for  many  facts  that  have  been  embodied  in 
this  chapter.  Engineers  and  shipbuilders  are  generally 
influenced  by  the  shipowners,  who  have  the  power  of 
regulating  the  actions  of  both,  by  means  of  their  own 
extensive  knowledge  of  the   commercial   advantages  of 
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different  kinds  of  engines  and  ships.  The  ruling  idea 
in  the  minds  of  the  shipowners  is  the  relative  value  of 
any  new  type  of  machinery  when  compared  with  others, 
such  as,  for  example,  the  Triple  and  Quadruple  engines, 
etc.,  in  contrast  with  the  two,  three,  and  four-cylinder 
compounds  of  the  old  type,  and  although  the  professionals 
may  give  their  clients  the  very  best  advice  on  the  subject, 
it  is  the  commercial  aspect  of  the  question  that  truly 
forms  the  governing  power. 

It  is  not  so  much  a  mere  question  of  high  class 
mechanical  movement,  but  of  economy  in  the  working, 
maintenance,  coal  consumption,  and  cargo-carr3dng  capa- 
city, etc.,  of  ships.  The  old  compound  engines  enabled 
long  voyage  steamers  to  do  what  otherwise  would  have 
been  impossible,  but  the  triples  and  quadruples  are  now 
accomplishing  this  more  effectively,  because,  through 
their  agency,  the  consumption  of  fuel  has  been  greatly 
reduced;  thus  involving  a  considerable  increase  in  the 
cargo  space,  with  its  attendant  advantages. 

In  no  branch  of  engineering  have  so  many  extensive 
modifications  been  made  as  in  that  relating  to  steamships, 
and  the  highly  beneficial  results  obtained  by  the  adoption 
of  the  triple  expansion  type  of  machinery,  forcibly  illus- 
trate its  value,  and  indicate  the  direction  in  which  great 
improvements  may  still  be  attempted.  To  enable  this  to 
be  clearly  understood,  we  will  give  a  few  examples  from 
the  ordinary  sea-going  practice  of  steamships  on  long 
voyage  stations. 

Take,  for  instance,  the  Union  Company*s  S.S. 
^'  Anglian/'  whose  original  compound  machinery  required 
a  mean  coal  consumption  of  24  tons  per  day,  over  eight 
voyages  to  the  Cape  of  Good  Hope,  or  about  2*1  pounds 
per  indicated  horse-power  per  hour.     These  engines  had 
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a  horse-power  of  1065,  but  upon  being  tripled  this  was 
increased  to  1575.  On  the  "  Anglian's  "  run  to  the  Cape 
in  her  altered  condition,  the  average  speed  was  kept 
exactly  the  same  as  formerly,  but  the  fuel  consumed  was 
only  16  tons  per  day,  and,  as  she  was  placed  on  a  station 
where  the  cost  of  coal  is  about  £7,  per  ton,  the  great 
benefit  thus  derived  will  be  at  once  apparent. 

The  Orient  S.S.  "  Lusitania  **  forms  another  very  good 
illustration  of  what  may  be  similarly  accomplished  in  a 
larger  ship.  This  vessel  had  originally  a  pair  of  2,330 
horse-power  compound  engines,  and  during  a  voyage  from 
London  to  Sydney,  the  average  daily  quantity  of  coal 
used  was  52  tons.  These  engines  were,  therefore,  altered 
as  above,  and  the  power  was  increased  to  3,315.  With 
the  speed  of  the  vessel  correspondingly  augmented,  the 
coal  consumption  was  about  50  tons  per  day,  but  when 
the  velocity  was  reduced  to  its  former  state,  this  went 
down  to  37  tons  only,  and  for  the  return  voyage  of  80 
days  to  Australia  the  total  saving  amounted  to  1,200  tons. 

Many  other  examples  might  be  given,  if  necessary, 
with  the  object  of  proving  the  efficiency  and  economy  of 
triple  engines ;  the  above  mentioned  results,  however, 
represent  a  fair  average  of  those  obtained  from  thirty  sets 
of  machinery  which  were  designed  by  the  late  Mr.  Wyllie. 
In  addition  to  this,  Mr.  William  Parker,  Chief  Engineer 
Surveyor  at  Lloyds,  has  stated  that  very  many  ships  he 
knew  of  had  been  similarly  benefited. 

The  question  has  been  often  asked — **  Why  is  the 
triple  expansion  engine  so  economical  ?  "  The  answer 
to  this  lies  chiefiy  in  the  fact  that  high  pressure  steam  is 
proportionately  less  expensive  to  make  than  low  pressure 
steam,  and  also  that  the  former  can  be  more  sparingly 
used  than  the  latter,  by  taking  advantage  of  the  principle 
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of  expansion.  In  other  words,  it  is  simply  the  application 
of  ruling  ideas  in  general  business  which  enable  profits  to 
be  made  where  serious  loss  might  have  been  incurred. 
This  brings  to  mind  the  story  of  one  of  my  engineering 
Criends  who  was  consulted  about  an  undertaking  a  client 
of  his  wished  to  enter  upon.  My  friend  gave  him  the  best 
advice  he  could,  and  wrote  to  the  adventurer  soon  after- 
wards asking  how  he  had  succeeded,  and  received  the 
following  reply : — 

*'  So  kind  of  you  to  enquire  about  my  new  enterprise,  I 
have  been  getting  on  nicely,  everything  doing  well,  but — 
Jer.  xxxvii,  19  ** — **  Where  are  now  your  prophets  ?  '* 

It  is  well  known  that  the  higher  the  pressure  at  which 
a  boiler  will  work,  the  greater  will  be  the  proportionate 
degree  of  economy  in  coal  consumption.  That  is  to  say, 
when  water  in  a  boiler  is  at  212*^  Fahrenheit,  the  steam 
pressure  is  the  same  as  the  atmosphere — at  228**  it  is  at 
5*3  pounds  above  the  atmosphere — at  240",  I0'3  pounds — 
at  302^,  55*3  pounds— at  324°,  80-3  pounds— at  353^,  125-3 . 
pounds — and  at  40iS  235*3  pounds  per  square  inch,  and 
so  on. 

From  this  it  will  be  apparent  that  by  firing  a  little 
harder  after  reaching  the  boiling  point,  the  pressures  of 
steam  can  be  so  much  increased  as  to  reduce  the  cost  of 
production,  and  this,  it  may  be  added,  is  just  what 
engineers  have  long  aimed  at,  and  at  last  accomplished. 

The  benefit  to  be  derived  from  the  expansion  of  steam 
may  be  thus  described :  If  the  elastic  vapour  is  allowed 
to  act  with  its  full  energy  upon  a  piston  from  the 
beginning  to  the  end  of  its  upward  or  downward  stroke, 
a  whole  cylinder  full  of  steam  is  used  each  time.  If, 
however,  the  steam  is  cut  ofif  from  the  boiler  at  half  the 
stroke  of  the  piston,  there  is  a  direct  saving  of  half  the 
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quantity  of  steam  and  coal,  etc. ;  and  at  the  same  time, 
the  steam  now  expanding  in  the  cylinder  is  doing  useful 
work  for  nothing,  although,  its  pressure  is  gradually 
diminishing. 

If  the  vapour  be  cut  oflF  at  one-fourth,  or  one*  fifth,  &c., 
of  the  stroke,  the  economy  is  correspondingly  increased, 
as  will  be  seen  from  the  following  table : — 

Table  of  Steam  used  Expansively. 


Initial 
pressure 

in 
pounds 

per 

square 

inch. 

AVERAGE  PRESSURE  IN  POUNDS  PER  SQUARE 
INCH  FOR  WHOLE  STROKE. 

Portions  op  Stroke  at  which  Steam  is  cut  off. 

i 

i 
91-9 

\ 

1 

\ 

k 

lOO 

96-6 

84.6 

74-4 

59-6 

38-5 

IIO 

I06'2 

loi-i 

93.1 

8i'8 

65-6 

42-3 

1 20 

"59 

110-3 

101-5 

89-3 

71-5 

46-2 

130 

125-6 

ii9'4 

II 0-0 

967 

77-5 

50-0 

140 

135-2 

128-6 

118-5 

104-1 

83-4 

53-9 

150 

144-9 

137-8 

126-9 

III-6 

89-4 

577 

160 

154-6 

147-0 

135-4 

1 19-0 

95*4 

61 -6 

180 

173-9 

1654 

152-3 

i33'9 

107-3 

69*3 

200 

193-2 

183-8 

169*2 

148-8 

119*2 

77-0 

If  the  mean  results  due  to  any  other  steam  pressures, 
say  50,  60,  300,  or  400,  etc.,  pounds  per  square  inch,  are 
desired,  then  allow  for  the  half  of  100  or  120,  or  the 
double  of  150  or  200,  etc. 

Mr.  Henthorn,  the  late  president  of  the  American 
Society  of  Mechanical  Engineers,  has  thrown  additional 
light  upon  this  subject  by  means  of  the  following  useful 
table. 
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Table  showing  the  Theoretical  Power  due  to  the 
USE  of  the  same  quantity  op  Steam  when  used 

UNDER    DIFFERENT   RaTIOS   OF   EXPANSION. 


Point  op  Cut-off. 


Full  Stroke 

1/2 

1/4 
1/6 

1/8 

i/io 

l/l2 
1/14 
1/16 

i/i8 
1/20 


•••  •••  ••• 


•  •  •  .   a   • 


•  •  •  «  .  . 


Number  of 
Expansions. 

Horse- 
power. 

0 

lOO'O 

2 

169-3 

4 

238-6 

6 

279.1 

8 

307-9 

10 

330-2 

12 

3484 

14 

363-9 

16 

377.2 

18 

3890 

20 

399*5 

"From  the  above  table  it  will  be  seen" — as  Mr. 
Henthorn  observes — "that  by  working  the  steam  under 
twenty  expansions,  as  applicable  in  engines  of  the  highest 
class,  an  advantage  equivalent  to  400  per  cent,  is  derived 
from  the  same  steam  over  the  result  obtained  during  the 
full  stroke  of  a  non-expansive  engine.'* 

Since  the  triples  allow  of  a  much  greater  number  of 
expansions  than  could  be  obtained  in  the  old  compounds, 
owing,  on  the  one  hand,  to  the  use  of  very  high  pressure 
steam,  and,  on  the  other  hand,  to  the  increased  ratios  of 
the  high  and  low  pressure  cylinders,  the  successful  appli- 
cation of  the  above  system  is  only  a  natural  consequence. 
In  the  S.S.  "  Anglian  "  the  ratio  of  the  areas  of  the  two 
original  cylinders  was  3*07,  which  gave  only  5*1  expan- 
sions,   but,  in   the  engines  that   superseded   them,  the 
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number  was  increased  to  ii'74.  Similar  results  were 
obtained  from  the  <*  Lusitania/'  which  had  her  5*26 
expansions  increased  to  11*85  ^fter  being  tripled.  This,  we 
may  add,  is  just  where  the  superiority  in  economy  of  one 
class  of  machinery  over  another  becomes  distinctly  visible, 
by  using  a  high  boiler  pressure  and  making  it  perform  a 
considerable  amount  of  additional  work  gratuitously. 

In  1887,  Messrs.  Jones  &  Son,  of  Liverpool,  tested  the 
soundness  of  this  principle  by  means  of  a  series  of  long 
voyage  experiments  with  the  S.S.  "Bentinck,"  which 
was  engined  by  them.  For  experimental  purposes  these 
engines  were  so  arranged  that  they  could  be  used  either 
as  double  or  triple  cylinder  as  desired,  and,  in  each  case, 
with  the  full  pressure  of  steam.  This  vessel  has  been 
worked  on  alternate  voyages  under  both  systems  for  many 
months  at  a  time,  with  practically  equal  results. 

Since  the  above  experiments  were  carried  out,  Messrs. 
Leyland,  of  Liverpool,  have  altered  their  steamship 
'<  Algerian,"  of  2,821  tons,  and  900  horse-power,  for  the 
purpose  of  giving  the  new  system  a  fair  trial.  The 
improved  arrangements  consisted  of  one  new  cylinder  of 
24'',  and  another  of  64"  diameter,  having  a  ratio  of  i  to  7 ; 
new  boilers  for  150  pound  steam  were  also  added.  By 
means  of  these  modifications  the  indicated  horse-power, 
the  revolutions  per  minute,  and  the  speed  of  the  ship, 
remained  as  formerly,  but  the  coal  allowance  was  reduced 
from  20^  to  15  tons  per  day,  thus  producing  a  gain  of 
about  27  per  cent.  Several  vessels  owned  by  the  same 
Company,  and  also  those  of  others,  have  been  similarly 
altered  with  satisfactory  results. 

There  are  other  questions  connected  with  steamship 
machinery  that  closely  affect  its  commercial  value,  and 
may  be  thus  stated : — 
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(i.)  Can  the  three  crank  triples  be  made  to  occupy 
the  same  space  in  a  ship  as  two  cylinder  compounds  of 
the  same  power  ? 

(2.)  Is  it  possible  to  make  new  engines  of  the  same 
power  as  the  old  ones,  but  without  increasing  their 
weight  ? 

(3.)  Will  the  wear  and  tear  of  triple  expansions  be 
excessive? 

«     (4.)    Will  boilers  using  150  pounds  steam  last  as  long 
as  those  which  use  only  about  half  the  pressure  ? 

(5.)  Is  the  new  style  of  machinery  more  difficult  to 
manage  than  the  old  ? 

So  far  as  question  number  one  is  concerned,  it  may  be 
broadly  stated  that  the  space  occupied  by  triples  will  not 
be  more,  and  in  some  cases  can  easily  be  less  than  with 
the  two  cylinder  compounds,  according  to  the  require- 
ments of  purchasers. 

The  second  question  can  be  still  more  satisfactorily 
answered,  as  Mr.  Hall  has  shown  in  his  tables  of  particu- 
lars of  engines  of  both  kinds,  representing  the  practice  of 
numerous  engineering  firms  in  the  Newcastle  district. 
From  these  it  may  be  gathered  that  the  total  weight  in 
tons  for  the  whole  of  the  machinery,  including  boilers, 
and  the  water  they  contain  when  in  seagoing  condition, 
and  also  Lloyd's  spare  gear,  etc.,  is  nearly  the  same  in 
each  case,  and  may  in  general  be  taken  at  about  450 
pounds  per  indicated  horse-power. 

The  extensive  employment  of  steel  in  the  very  latest 
machinery,  clearly  indicates  that  there  has  been  great 
room  for  reduction  of  weight.  Mr.  Sennet,  late  Engineer- 
in-Chief  to  the  Royal  Navy,  has  expressed  the  opinion 
that  marine  boilers  may  be  thus  improved  by  thinning  the 
plates  a  little,  on  account  of  the  rigid  inspection   and 
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testing  they  are  now  subjected  to.  Theoretically  the  late 
Admiralty  engineer  is  right,  but  practically  it  does  not 
appear  advisable  to  adopt  lighter  proportions,  since  the 
corrosive  action  inside  of  a  boiler  is  the  same  for  plates  of 
di£ferent  thicknesses,  and  therefore  is  relatively  more 
destructive  in  thin  plates  than  it  is  with  those  of  heavier 
make.  In  other  words',  a  reduction  of  one-sixteenth  in  the 
thickness  of  a  one-inch  plate,  means  that  its  strength  is 
also  diminished  one-sixteenth,  but  in  a  half-inch  plate  this 
becomes  one-eighth,  in  a  quarter-inch  plate  one-fourth,  and 
so  on.  Hence  it  will  be  seen  that  corrosion  greatly 
influences  the  strength  of  steam  generators  and  ought  to 
be  fully  allowed  for  so  that  they  may  last  as  long  as 
possible. 

In  the  engines  themselves,  full  advantage  can  be 
taken  of  the  superior  strength  of  the  steel  employed  in 
various  parts,  consequently  there  is  great  room  for  reduc- 
tion in  weight  so  long  as  their  rigidity  is  kept  up.  No 
one  perhaps  has  more  carefully  studied  the  subject  of 
economy  in  this  respect  than  Mr.  F.  C.  Marshall,  of 
Messrs.  Hawthorn,  Leslie  &  Co.,  of  Newcastle.  As  an 
illustration  of  this,  it  may  be  mentioned  that  the  swift 
cruiser  "  Elisabeta,"  built  at  the  Elswick  Works,  was 
supplied  by  Mr.  Marshall's  firm  with  two  sets  of  triple 
expansion  engines  of  5,000  horse-power,  the  total  weight 
of  which,  with  boilers  complete,  including  water,  is  under 
250  tons.  We  have  thus  a  set  of  powerful  engines,  with 
cast  steel  framing,  etc.,  and  mild  steel  working  parts, 
reduced  to  112  pounds  per  I.H.P.,  or,  in  other  words^ 
20  horse-power  per  ton.  This,  however,  is  to  some 
extent  due  to  the  very  high  piston  speed  now  adopted  in 
Government  engines. 

We  may  add  by  way  of  comparison,  that  the  Cunard 
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S.S.  "  Etruria  *'  has  machinery  of  149700  horse-power, 
and  its  total  weight  is  1800  tons — which  gives  8*2  horse- 
power per  ton ;  and  similarly,  H.M.S.  '*  Victoria  *'  is 
14,500,  1,100,  and  13*1  respectively,  as  above. 

The  plate  of  triple  expansion  engines  shown  opposite 
illustrates  the  latest  style  of  machinery  designed  by  Mr. 
Thomas  Mudd,  managing  engineer  of  the  Central  Marine 
Works  at  Hartlepool.  In  this  instance,  the  high  pressure 
cylinder  is  placed  between  the  other  two,  instead  of  being 
at  the  forward  end,  as  is  generally  the  case,  thus  pro- 
ducing very  great  economy  owing  to  the  heat  retaining 
power  of  the  arrangement. 

The  above  firm  are  also  the  makers  of  an  extremely 
compact  and  elegantly  designed  species  of  triples,  having 
the  cylinders  placed  in  the  usual  way,  but  worked  by 
piston  valves  at  the  back.  These  engines  have  done  well 
in  many  ships,  but  the  majority  of  superintending  engi- 
neers— in  a  somewhat  perverse  manner — prefer  to  have 
the  old  link  motion  arrangement  instead  for  cargo  ships. 
It  is  not  very  complimentary  of  them  to  do  so,  and  thus 
apparently  neglect  the  variously  **  improved  systems  "  of 
talented  inventors  who  have  spent  so  much  time,  and 
labour,  and  money,  in  their  efforts  to  develop  a  better 
state  of  things. 

The  engines  shown  in  the  plate  are  of  1,300  horse 
power,  and  have  cylinders  25",  40",  and  65"  diameter,  by 
3  feet  6  inches  stroke.  The  framing  is  open,  light,  and 
strong,  and  it  may  be  additionally  interesting  to  know  that 
the  view  was  taken  from  a  photograph  of  the  machinery 
of  the  famous  S.S. ''  Missouri/'  which  was  the  means  of 
saving  the  lives  of  nearly  800  people  from  the  foundering 
steamship  *'  Danmark,"  and  that  it  stands  on  the  movable 
erecting  shop  foundation  mentioned  in  a  previous  chapter. 

E  E 
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If  Mr.  Watt — "Jeems  Watt,  the  inventor  o' steam  "  as 
the  London  policeman  called  him — could  be  with  us  now, 
and  see  what  we  had  done  with  his  famous  engine,  he 
would  very  likely  gaze  around  in  blank  amazement, 
wonder,  and  surprise,  but  at  the  same  time  be  delighted 
to  find  that  some  of  his  own  inventions  were  still  to  the 
fore, — touched  up  and  improved  no  doubt,  but  only  in 
detail.  These  details,  however,  have  required  the  very 
highest  skill  of  the  modern  engineer  to  bring  them  to 
perfection. 

The  question  of  wear  and  tear  in  triple  engines  is 
best  answered  by  those  who  have  used  them  most  exten- 
sively and  for  the  longest  period.  Perhaps  none  are 
better  able  to  give  this  information  than  Messrs.  Thomas 
Wilson,  Sons  &  Co.,  of  Hull,  who  were  among  the  first  to 
discover  their  value,  and  who  have  since  the  year  1882 
fitted  many  of  their  vessels  with  them.  Their  superintend- 
ing engineer  states  that,  in  his  opinion,  triples  are  not 
more  expensive  to  maintain  in  good  working  order  than 
compounds,  and  adds  that,  in  this  respect,  one  of  the 
least  expensive  of  their  fleet  of  sixty-five  steamers  is  a 
vessel  having  three  crank  engines  as  above. 

With  regard  to  the  last  question — **  Is  any  more  skill 
required  in  the  management  of  triple  engines  and  boilers 
at  sea  ?  " — It  may  be  said  that  this  remains  almost  as  it 
was  as  far  as  the  machinery  is  concerned,  but  the  high 
pressures  now  carried  in  boilers,  necessitate  greater  care 
and  judgment  on  the  part  of  those  who  work  them,  and 
more  attention  to  the  various  little  details  connected  with 
them.  As  shipowning  ladies  and  gentlemen,  however, 
will  not  care  one  pin  for  the  best  kept  machinery  or  steel- 
built  ships,  unless  they  can  get  a  dividend  from  them,  we 
may  add  that  the  engineers  on  land  and  sea  are  in  no 
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way  responsible  for  commercial  adversity  in  any  of  the 
Companies.  The  fault  lies  with  some  of  the  owners  who 
recklessly  destroy  the  vitals  of  fair  trade  and  commerce, 
and  thus  almost  annihilate  their  chances  of  success. 

If  anyone  tells  us  that  a  thing  is  black  when  it  is 
black,  or  white  when  it  is  white,  the  statement  is  self- 
evident.  But  when  people  talk  or  write  about  '*  Steamship 
performances,'^  they  at  once  enter  upon  a  subject  that  is 
capable  of  extensive  misinterpretation,  and  at  no  time, 
perhaps,  is  this  more  observable  than  when  the  deduc- 
tions from  official  records  are  placed  before  us.  From 
the  tables  of  performances  compiled  by  Mr.  Hall  from  the 
log-books  of  numerous  steamers,  it  appears  that  the  aver- 
age coal  consumption  in  long-voyage  ships,  with  triple 
engines,  is  about  1.5  pounds  per  horse  power  per  hour. 
In  addition  to  this,  some  of  the  most  eminent  authorities 
have  already  stated,  that  these  engines  save  fully  twenty- 
five  per  cent,  of  the  coal  used  in  compound  engines. 

On  the  other  hand,  a  highly  experienced  superintend- 
ing engineer  to  an  Atlantic  mail  line  has  declared  that, 
after  his  own  careful  examination  of  the  records  of 
numerous  ships  belonging  to  different  firms,  ke  concludes 
that  the  saving  referred  to  does  not,  in  any  case,  exceed 
15  per  cent.  And,  as  if  in  confirmation  of  this,  the  late 
trial  trip  of  the  S.S.  "Meteor"  has  shewn  that  triple 
machinery  may  indicate  only  a  small  amount  of  economy, 
even  when  under  the  most  careful  management.  Now 
these  are  very  inconsistent  statements,  and  when  accom- 
plished engineers  authoritatively  give  them  to  the  world, 
what  are  we  to  think  ?^-or  say  ? — or  do  ? 

The  S.S.  "  Meteor,"  mentioned  above,  belongs  to  the 
London  and  Edinburgh  Shipping  Company,  and  her 
registered  tonnage  is  692.     The  engines  were  made  by 
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Messrs.  J.  and  G.  Thompson,  of  Glasgow,  and  have 
cylinders  29I",  44",  and  70"  diameter,  by  4  feet  stroke,  the 
indicated  horse  power  being  1994. 

The  trial  took  place  on  June  24th,  1888,  during  a 
voyage  from  Leith  to  London,  when  everything  in  the 
machinery  department  was  subjected  to  the  strictest 
supervision.  The  coal  was  weighed— the  feed  water  was 
measured  —the  power  was  indicated  every  half  hour — the 
temperature  of  the  furnace  gases  escaping  up  the  chim- 
ney was  observed  at  intervals  during  the  trial, — the 
engine  and  boiler  efficiencies  were  carefully  noted  from 
time  to  time,  as  also  was  the  speed  of  the  ship.  In  short, 
nothing  was  omitted  that  skill,  prudence,  or  forethought 
could  suggest.  The  special  experimental  staff  was  a 
powerful  one.  Professor  Kennedy,  C.E.,  of  University 
College,  London,  was  commander-in-chief  of  the  expe- 
dition, and  under  his  directions  the  work  of  the  ship  was 
most  successfully  carried  on  by  two  relays  of  observers, 
aided  by  a  few  extra  hands,  and  in  suprenie  command  of 
the  engine-room  department,  was  placed  the  invaluably 
co-operative,  and  ever  everywhere  chief  engineer,  Clephane. 
It  was  not  usual  for  this  gentleman  to  have  such  distin- 
guished professionals  to  assist  him  in  his  peculiar  duties, 
but  he  was,  nevertheless,  most  cordially  equal  to  the 
occasion. 

The  whole  trial  required  continuous  attention  from 
those  in  charge.  It  was,  however,  eventually  discovered 
that  the  quantity  of  coal  consumed  during  the  trip  was 
at  the  rate  of  2*01,  or  two  and  one-hundredth  pounds  per 
indicated  horse-power  per  hour.  In  other  words,  these 
engines  shewed  that  they  were  little  better  than  com- 
pounds in  similar  condition.  This  was  a  disappointing 
result,  especially  under  such  extremely  favourable  circum- 
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Stances.  It  is,  therefore,  only  meet  and  right  that  we 
should  try  to  throw  a  little  light  on  the  subject  in  the 
hope  of  being  able  to  say  to  hypercritical  critics,  ••  We'll 
mutytr  at  every  point  of  the  argument,  if  we  can." 

The  first  ameliorating  feature  in  the  trial  that  presents 
itself  is  the  fact  that  the  coals  were  not  good,  and, 
secondly,  and  most  importantly,  that  the  engines  were 
experimented  upon  simply  in  their  ordinary  condition,  no 
effort  having  been  made  to  race  them  with  the  object  of 
obtaining  high,  though  temporary,  results.  Perhaps  the 
greatest  benefit  to  be  derived  from  this  experimental 
voyage  is,  that  it  gives  a  new  colouring  to  steamship  per- 
formances, and  indicates  the  difference  between  a  forced 
trial  and  one  of  a  purely  commercial  character. 

It  is  generally  believed  that,  while  the  old  compound 
engines  burnt  fully  two  pounds  of  coal  per  indicated  horse 
power  per  hour,  the  triples  only  require  one  and  a  half, 
and  the  quadruples  one  and  a  quarter  pounds.  We  have 
thus  a  saving  of  twenty-five  per  cent,  in  favour  of  the 
triples,  as  mentioned  by  some  of  the  highest  authorities. 
These  statements,  however — with  a  Meteoric  light  around 
us — seem  to  open  out  a  new  field  of  inquiry  regarding  the 
manner  in  which  the  horse-powers  of  engines  are  some- 
times calculated  at  sea. 

So  long  as  human  nature  is  what  it  is,  so  long  also 
will  the  engineers  of  ships  continue  to  make  their  mach- 
inery show  off  on  paper.  And  thus  we  have  reason 
to  think  that  many  of  the  log-book  records  are  obtained 
from  engines  scientifically  raced  to  the  utmost  only  for  a 
very  short  period.  This  can  easily  be  accomplished  by 
enthusiastic  engineers,  and,  although  we  would  not  for 
one  moment  say  that  they  actually  overdrive  their  ships 
for  the  sake  of  obtaining  double  extra  indicator  cards,  we 
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nevertheless  faocy  that,  in  slow-going  cargo  ships,  the 
temptation  to  do  so  may  occasionally  be  too  strong  for 
them,  and  thus  the  records  at  once  become  too  roseate 
for  ordinary  practice. 

To  make  this  clear,  let  us  suppose  that  a  set  of 
engines  in  ordinary  work  are  indicating  i,ooo  horse- 
power upon  two  pounds  of  coal  for  each  of  them  per 
hour.  If,  however,  they  are  made  to  give  out  2,000  horse 
power  merely  to  get  a  show  card,  the  coal  expenditure 
will  apparently  become  one  pound,  and  thus  an  erroneous 
impression  will  be  created. 

A  more  correct  idea  of  ships'  performances  can  be 
taken  from  the  coal  consumption  of  two  long-voyage 
steamers  exactly  alike  as  regards  tonnage,  power,  dis- 
placement, speed,  etc.,  one  of  them  having  triples,  and 
the  other  compounds,  in  the  same  state  of  efficiency. 
The  most  conclusive  method,  however,  for  everyone,  is 
to  compare  the  financial  results  of  the  ships,  say,  for 
instance,  the  above  upon  a  round  voyage,  or  for  a  whole 
year's  working.  Take,  for  example,  my  old  friend  the 
•*Lusitania" — built  in  Laird's  in  i87o^which,  after 
being  tripled,  realised  for  her  owners  ;^i,ooo  in  one  return 
Australian  voyage ;  and,  still  later,  the  Union  Company's 
S.S.  ''  Spartan,"  which  saved,  in  one  return  trip  to  the 
Cape,  500  tons  of  coal,  or,  otherwise  expressed,  ;^3,ooo  a 
year  to  her  happy  possessors. 

Another  source  of  vitiated  results  is  no  doubt  the 
custom  of  comparing  new  triples  with  oli  compounds, 
and  although  the  latter  may  be  in  perfect  order,  after  the 
lapse  of  many  years,  the  boilers  may  not  possess  the 
same  steam-raising  power  they  once  had.  Hence  we 
have  another  reason  for  triple  machinery,  with  new  and 
clean   boilers,  being   apparently  so   highly  economical. 


CHAP.  XXIX.         AND  SOCIALL  Y  CONSIDERED.  459 

The  above  facts  will  therefore  account,  in  some  degree  at 
least,  for  a  few  of  the  discrepancies  already  referred  to, 
which  have  now  become  so  perplexiog. 

Ever  since  the  E.S.  "  Volta  "  crossed  the  channel  in 
1886,  the  electrical  propulsion  of  steamers  has  excited  the 
attention  of  the  boating  community  on  the  Thames,  who 
recognised  the  advantages  of  the  new  motive  power. ' 
With  the  object  of  providing  the  desired  innovation, 
Messrs.  Immisch  &  Co.,  of  London,  have  introduced  their 
specially  designed  electric  engines  or  "Motors" — one  of 
which  is  shown  in  the  annexed  view. 


ELECTRIC    MOTOR    FOR    LAUNCHES. 


In  this  case,  the  screw-propeller  shaft  is  worked  direct 
by  an  engine  which  receives  its  supply  of  electricity  at 
various  charging  stations,  floating  in  the  river  at  different 
points,  where  launches  can  at  any  time  be  re-charged,  or 
kept  in  readiness  for  use.  Similar  engines,  of  a  modified 
form,  for  mining  purposes,  such  as  pumping,  winding,  etc., 
have  already  been  referred  to  at  page  435.     For  pleasure 
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boats,  however,  thus  propelled,  the  absence  of  a  coal- 
fired  boiler  with  its  attendant  heat,  and  smoke,  and  dirt, 
has  no  doubt  been  highly  appreciated  by  many.  The 
New  York  Elevated  Railway  Company  employ  electric 
engines  on  their  various  lines,  and  thus  save  at  least  half 
the  coal  expenses.  The  Overhead  Dock  Railway  in 
'Liverpool  is  the  first  in  England  to  be  worked  by  the 
same  power,  and  on  other  lines,  and  in  many  other  ways, 
the  new  motor  will  soon  be  extensively  employed. 

We  have  been  induced  to  give  considerable  promi- 
nence to  the  subject  of  coal  consumption  in  steamers, 
because  it  contains  the  very  germs  of  that  commercial 
prosperity  shipowners  and  manufacturers  are  constantly 
aiming  at,  and  which  may  be  more  fully  attained  by  the 
use  of  the  liquid  fuel  system  of  firing.  This  system  is 
highly  appreciated  on  board  many  hundreds  of  naval  and 
mercantile  steamers  in  Russian  waters,  and  also  in  loco- 
motives and  factories,  owing  to  the  low  price  of  petro- 
leum, and  its  attendant  advantages.  The  oil-burning 
apparatus,  which  can  be  easily  applied  to  marine  boilers, 
immensely  reduces  the  work  of  firing,  cleaning,  etc.,  on 
board  ships,  produces  no  smoke,  and  besides  this,  it  can 
be  instantly  lighted  or  extinguished.  In  good  furnaces, 
i,ooo  tons  of  refuse  oil  will  go  as  far  as  2,000  tons  of  coal, 
and  requires  only  the  usual  bunker  space  for  500  or  600 
tons  of  the  latter,  thus  saving,  say,  1,500  tons  for  freight. 

With  the  object  of  reducing  the  cost  of  petroleum, 
large  ocean  steamers  are  now  being  extensively  built  to 
carry  the  oil  in  bulk  after  being  loaded  through  lines  of 
pipes  direct  from  the  wells  hundreds  of  miles  away,  and 
this  has  already  enabled  very  much  to  be  accomplished 
that  otherwise  would  have  remained  undone. 

The  latest  application  of  the  liquid  fuel  system,  as 
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applied  to  steam  navigation,  is  to  be  found  in  Messrs. 
Yarrow's  '* Zephyr"  launches  and  yachts,  the  motive 
power  of  which  is  obtained  from  vaporised  spirit  instead 
of  water,  and  whilst  the  necessary  heat  is  obtained  by 
means  of  petroleum  iiring,  the  economy  of  the  system  is 
derived  in  various  ways  from  the  manner  in  which  its 
details  have  been  carried  out,  after  prolonged,  elaborate, 
and  costly  experiments.  The  advantages  possessed  by 
this  new  arrangement,  consist  of  much  less  weight  in  the 
machinery — 50  per  cent,  more  space  for  passengers — 
extreme  cleanliness — no  skill  required  in  working,  as  the 
apparatus  is  automatic, — ^no  risk  of  explosion,  &c.  In 
short,  as  Mr.  Yarrow  himself  declares,  there  is  everything 
in  these  beautiful  little  vessels  to  make  them  a  source  of 
economical  pleasure  to  those  who  use  them. 

As  a  stiir  further  example  of  the  practical  application 
of  liquid  fuel,  it  may  be  stated  that  Mr.  James  Holden, 
the  Locomotive  Superintendent  of  the  Great  Eastern 
Railway,  has  successfully  applied  a  special  system  of  his 
own  to  the  Company's  engines,  which  can  now  be  fired 
either  with  coal,  or  petroleum,  or  with  both  together,  if 
desired.  And  this,  too,  without  any  alteration  in  the 
furnaces. 

Facts  like  these  are  of  great  value,  and  certainly 
deserve  the  careful  attention  of  people  who  wish  to 
economise  either  on  a  large  or  on  a  small  scale.  We  may 
add  that  this  most  important  branch  of  engineering  will 
be  treated  in  another  form,  and — as  the  sensational 
authors  and  authoresses  put  it  at  the  end  of  an  out- 
rageous chapter  of  horrors—"  continued  in  our  next,*'  and 
last. 
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CHAPTER    XXX. 

QUADRUPLE   AND   NEW   COMPOUND     ENGINES. 

Important  Improvements — Chemistry  the  Destroyer — Boiler  Room  diffi- 
culties— ^Tubular  and  Tubulous  Boilers — Strange  disaster  to  a  new 
Boiler — Simple  Apparatus  for  purifying  Water — Water  Tube  boilers 
and  their  failures — ^The  latest  type  of  Tubulous  Boiler — Opinions  of 
Experts — ^Table  of  Horse  Powers  per  ton  of  Weight — Peculiarities 
of  the  Forced  Draught  System — Latest  types  of  Quadruple 
Engines — Turner's  new  two  cylinder  Compound  Engines — Their 
performances  compared  with  Triples — Extended  use  of  Manganese 
bronze  Propellers — Willis*  "  protected  "  Propellers — Steamships  of 
the  future — Conclusion. 

So  many  real  improvements  have  recently  been  made  in 
quadruple  machinery,  that  further  advances  in  this  direc- 
tion will  be  somewhat  retarded.  There  is,  however,  much 
to  be  done,  in  various  ways,  with  steam  generators, 
before  the  highest  point  of  excellence  is  reached. 

It  is  to  this  point,  therefore,  that  the  highest  skill  and 
talent  of  my  learned  brethren  must  now  be  directed.  And 
it  is  here  that  we  may  yet  hope  to  catch  the  sympathies 
of  shipowners  who  wish  to  run  their  steamers  at  the  least 
possible  expense.  Hence  it  may  be  said  that  the  whole 
question  of  increased  economy  in   steam  navigation   is 

« 

resolved  into  one  of  boiler  construction,  furnace  firing, 
and  boiler  management  at  sea. 

It  is  very  extraordinary  that  one  of  the  otherwise 
beneficial  sister  sciences  should  be  our  constant  and  most 
relentless  enemy.  She  has  teeth  hard  enough  and  sharp 
enough  for  anything.  She  nibbles  our  cast  steel  screw 
propellers  to  death  long  before  their  natural  strength  is 
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mechanically  abated.  She  will  in  a  few  years  cut  to 
destruction  our  largest  screw  shafts  if  we  give  her  a 
chance.  And  she  will  pit,  and  furrow,  and  destroy  the 
plates  of  our  boilers,  and  cover  the  fire  tubes  with  a  hard 
scale  which  greatly  injures  their  steam  raising  qualities, 
and  sometimes  causes  disastrous  explosions,  long  before 
the  inherent  powers  of  the  boilers  have  been  impaired 
by  legitimate  work.  Not  only  would  these  evils  happen, 
but  they  would  become  of  such  continual  occurrence  as 
to  imperil  the  very  existence  of  the  steam  engine  in  ships 
unless  we  contended  with  Chemistry  tooth  and  nail,  and 
tried  to  baffle  her  at  every  point. 

The  direct  cause  of  all  these  evils,  so  far  as  steam 
generators  are  concerned,  lies  in  the  chemical  impurity  of 
the  water  contained  in  them.  If  we  could  only  use  pure 
water — ^water  that  would  leave  no  deposit  on  the  parts 
exposed  to  heat — water  which  would  neither  pit  nor 
furrow  the  internal  plating,  thus  reducing  its  strength,  the 
management  of  boilers  at  sea  would  be  greatly  simplified. 
The  chemical  evils  just  mentioned  influence  in  the 
highest  degree  the  designing  of  boilers,  whose  interiors 
must  be  so  arranged  as  to  admit  of  inspection,  cleaning, 
and  repairs  when  necessary.  And  the  cause  of  so  many 
'*  perfect  cures  '*  in  this  department  of  science  turning  out 
complete  failures  has  been  the  want  of  proper  attention 
to  one  or  more  of  these  vital  points. 

As  the  matter  now  stands,  there  is  not  a  single  branch 
of  engineering  which  presents  so  many  serious  difficulties 
in  the  way  of  future  advancement  as  that  now  under  con- 
sideration. The  engines  are  right  enough  practically  and 
d}aiamically,  but  when  it  comes  to  the  thermo-dynamic 
machinery  of  the  boiler  room  we  find  that  after  all  the 
time,  and  money,  and  patience,  and  skill  that  enterprising 
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inventors  have  so  liberally  expended  upon  them,  the 
marine  steam  generators  are  not  nearly  so  perfect  as  we 
should  have  expected  to  find  them.  Much  has  certainly 
been  done,  but  much  more  remains  to  be  accomplished 
before  the  quadruple,  or  indeed  any  other  marine  engines, 
can  give  out  their  best  results,  not  only  in  short  runs 
under  the  most  favourable  conditions,  but  during  long 
voyages  when  exposed  to  numerous  disadvantages. 

Various  systems  have  been  utilised  with  the  object  of 
accomplishing  this,  some  of  which  are  too  well  known  to 
require  further  comment.  Broadly  speaking,  these  sys- 
tems resolve  themselves  into  two  classes,  the  "tubular" 
and  the  "  tubulous."  The  former  term  is  applied  to  all 
boilers  whose  heated  gases  pass  through  a  large  number 
of  brass  or  iron  tubes  on  their  way  to  the  chimney,  thus 
heating  the  water  which  surrounds  them  in  a  most 
efficient  manner.  Steam  generators  of  this  description 
are  universal  in  locomotives,  and  very  nearly  so  in  steam- 
ships, and  their  great  popularity  is  due :  firstly,  to  their 
excellent  steam  raising  powers  ;  and,  secondly,  to  the  ease 
with  which  they  can  be  kept  in  order.  Hence  any  marine 
boiler  which  requires  to  use  a  certain  amount  of  sea  water 
in  addition  to  the  chemically  impure  fresh  water  from  the 
condenser,  is  compelled  to  have  its  interior  thoroughly 
inspected  and  cleaned  from  time  to  time. 

The  necessity  for  doing  so  is  very  fully  understood  by 
all  superintending  engineers,  and  by  the  engine  room 
staffs  of  steamship  lines.  A  recent  accident,  however,  of 
a  very  peculiar  nature  on  board  a  coasting  steamer  will 
practically  confirm  these  remarks.  This  vessel  was  per- 
fectly new,  and  her  engines,  boilers,  etc.,  were  under  the 
careful  supervision  of  Lloyd's  surveyors  while  being  con- 
structed.    The  ship,  however,  had  only  been  under  steam 
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240  hours,  when  one  of  the  furnaces  collapsed  and  entirely 
disabled  her. 

It  is  a  well  known  fact  that  pure  fresh  water  is  the  best 
for  boilers ;  but,  at  sea,  the  fresh  water  obtained  from  the 
condenser  is  mixed  with  impurities  which  corrode  their 
interiors  unless  an ti- corrosives  are  used,  but  this  is  not 
all.  Theoretically  speaking,  the  steam  used  m  the 
engines,  and  afterwards  changed  into  water  by  condensa- 
tion, would  be  quite  sufficient  to  supply  the  boilers,  and 
continue  the  process  of  steam  raising,  steam  using,  and 
steam  condensing  for  an  unlimited  period  without  any 
external  aid.  Inasmuch,  however,  as  there  is  loss  or 
leakage  to  a  small  extent,  this  must  be  made  up  by  taking 
a  little  salt  water  from  the  sea,  which  contains  fifty-six 
pounds  of  salt  per  ton,  not  to  mention  several  other  solid 
impurities  that  would  rapidly  destroy  a  boiler  unless  well 
protected  from  them. 

While  steam  is  being  made  this  water  is  increasing  in 
saltness,  which  renders  it  more  difficult  to  boil  and  more 
destructive  to  the  flues  and  tubes  on  account  of  the 
salt  deposit  upon  them,  and  therefore  a  salinometer  is 
employed  to  indicate  the  density  of  the  fluid,  and  to  show 
when  some  of  it  ought  to  be  '*  blown  out,"  to  make  room 
for  a  fresh  supply.  It  will,  therefore,  be  seen  that  if  this 
instrument  is  not  correct,  a  solid  deposit  may  rapidly 
settle  upon  the  furnace  tubes,  and  so  much  impair  their 
heat-conducting  powers  as  to  cause  the  plates  to  be  over- 
heated, and  thus  bring  about  a  disastrous  explosion,  or — 
as  in  the  present  instance,  a  partial  collapse. 

This  is  exactly  what  happened  on  board  the  steamer 
just  referred  to,  and — as  clearly  proved  at  the  Board  of 
Trade  inquiry — the  inaccuracy  of  the  salinometer  misled 
those  in  charge  regarding  the  condition  of  the  water  in 
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the  boiler  at  the  time  of  the  accident  and  indirectly 
caused  the  failure  of  the  furnace. 

All  disasters  are  professionally  instructive;  this  one 
especially  so,  as  it  not  only  shows  how  rapidly  the 
chemical  impurities  of  water  act  upon  metal  surfaces 
exposed  to  their  agency,  but  indicates  the  necessity  for 
constant  watchfulness  on  the  part  of  the  engine  room 
staff.  It  may  further  be  added,  that  as  the  solid  deposit 
in  boilers  becomes  intensified  under  very  high  steam  pres- 
sures, it  has  been  proposed  to  use  water  distilled  on  board 
ship,  but  even  this  is  unnecessary  when  we  can  employ  a 
very  simple  feed-water-cleaning  apparatus  which  will — 
to  a  large  extent — perform  what  is  desired. 

The  object  of  the  invention  is  to  purify  and  heat  the 
water  before  it  enters  the  boilers.  Zinc  plates  placed  in 
their  interior,  and  various  anti-corrosive  mixtures  are 
only  remedial  in  their  action,  whereas  the  apparatus 
referred  to  attacks  the  cause  of  corrosion,  and  has  also 
the  advantage  of  costing  nothing  whatever  for  mainten- 
ance. By  removing  the  air,  grease,  dirt,  etc.,  from  the 
fluid  before  being  used,  the  cost  of  keeping  a  boiler  clean 
is  reduced  to  about  one-third,  and  thus  the  plating  is  pro- 
tected from  injurious  deposit  as  mentioned  above. 

The  sole  makers  of  the  apparatus  are  the  Wallsend 
Slipway  and  Engineering  Company  at  Newcastle,  who 
have  fitted  it  to  upwards  of  loo  large  steamers. 

Such  then  in  brief  is  the  case  for  the  tubular  boilers, 
which  will  most  likely — for  the  reasons  given — hold  their 
ground  in  long  voyage  steamers  against  all  others  so  long 
as  steam  is  used.  The  same,  however,  cannot  be  said  of 
the  tubuloMS  boiler.  In  this  class  of  steam  generator  each 
tube  is  filled  with  water,  and  as  the  heated  furnace  gases 
play  around  the  outside  of  them,  they  each  become  little 
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independent  boilers,  possessing  enormous  strength.  But, 
with  the  usual  perversity  of  engineering,  this  valuable 
quality  may  be  neutralised  by  the  attendant  disadvan- 
tages of  non-accessibility  for  cleaning,  and  the  great 
difficulty  of  stopping  a  leaky  tube  while  under  steam. 

The  water  tube  boiler  has  been  exposed  to  a  very 
great  amount  of  high-toned  criticism  by  those  best 
capable  of  judging  its  merits.  It  has  been  put  into  ships 
with  a  varied  amount  of  success,  according  to  circum- 
stances, and  its  object  has  been  to  reduce  the  weight,  but 
chiefly  to  obviate  the  risk  of  serious  damage  by  explosion. 
This  steam  generator  has  in  times  past,  however,  given 
much  trouble,  and  even  now  it  is  by  no  means  perfect. 
Amongst  the  **  seventies,"  some  of  the  failures  indicated 
above  occurred  on  board  various  ships.  The  new  boilers 
were  therefore  taken  out ;  and,  in  addition  to  other 
disasters,  may  be  mentioned  the  total  loss  of  two 
vessels  through  their  explosion.  So  much  valuable 
experience,  however,  has  been  obtained,  that  there  is  at 
present  a  better  prospect  of  success  in  this  direction. 

The  question  may  now  be  narrowed  to  a  point,  and 
that  point  Messrs.  Thorneycroft's  latest  type  of  water  tube 
boiler  for  torpedo  boats. 

The  fir§t  thing  that  strikes  one  in  connection  with  these 
new  boilers  is  the  large  number  of  curvilinear  tubes  of 
small  diameter  in  which  the  steam  is  formed,  and  which 
appear  to  be  difficult  to  keep  in  proper  order.  But  what 
does  it  matter,  after  all,  whether  there  are  few  tubes  or 
many  tubes,  large  tubes  or  small  tubes,  straight  tubes  or 
curved  tubes,  so  long  as  the  wear  and  tear,  coal  consump- 
tion, weight  of  apparatus,  and  its  maintenance  and  dura- 
bility are  proved  to  be  satisfactory  in  actual  practice  at 
sea.    Under  existing  conditions  in  the  merchant  service. 


« 
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however,  we  may  fairly  conclude  that  this  boiler  cannot 
be  used  in  ocean  liners,  although  it  is  no  doubt  very 
suitable  for  the  vessels  mentioned  above  using  only  the 
purest  water  for  short  runs. 

This  question  is  of  the  utmost  value  to  the  world  at 
large,  because  the  economical  working  of  steamers  now 
depends  entirely  upon  the  way  in  which  it  is  treated,  and 
hence  the  opinions  of  talented  engineers  connected  with 
steamship  Companies  are  most  important. 

When  we  find  Mr.  Manuel  of  the  P.  and  O.  Company 
pleasantly  saying  that  he  would  be  very  glad  if  the 
Thorneycroft  boiler  could  be  used  so  as  to  obtain  higher 
pressures,  and  also  to  get  over  many  diiSiculties  now 
existing,  but  that  he  had  doubts  regarding  its  durability, 
and  capability  for  continuous  steaming  upon  the  ocean. 

When  we  find  Mr.  Parker  authoritatively  observing 
that  he  had  had  experience  at  sea  with  water  tube  boilers 
up  to  4,000  indicated  horse-power,  and  that  some  of  them 
had  failed,  and  a  few  had  been  put  into  ships,  and — 
taken  out  again.  That  serious  accidents  had  happened 
to  others ;  but  that,  in  spite  of  all  this,  he  wished  to 
see  a  good  water  tube  boiler  introduced.  When  this 
gentleman  additionally  observes,  that  a  steam  generator 
which  can  be  easily  cleaned  internally  is  the  best ;  that 
the  present  cylindrical  boiler  can  be  made  to  work  for 
eight  years  without  having  a  leaky  tube ;  and  that  he  had 
seen  one  of  them  that  had  been  in  use  for  eighteen  years, 
What  are  we  to  think  ? 

And  when  we  hear  of  Mr.  John  Scott  of  Greenock, 
and  Mr.  MacGregor  distantly  following  on  the  same  lines, 
and  expressing  somewhat  similar  opinions,  What  are  we 
to  do  ?  We*ll  just  exactly  do  nothing  but  watch  the  pro- 
gress of  events. 
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Mr.  Thorneycroft  has  himself  declared  that  the  horse- 
power per  ton  of  weight  of  different  classes  of  boilers, 
including  all  fittings,  spare  gear,  funnels,  etc.,  is  as 
follows : — 

i6-6  I.H.P.  per  ton  in  P.  and  O.  Steamers. 
43"0       n  It        n    Torpedo  catchers  of  latest  type. 

48*0       „  H        H    Locomotives  of  same  power. 

68"o       »  H        H    Thomeycroft*s  ^torpedo  boats. 

This  table  shows  at  a  glance  the  comparative  values 
of  different  systems,  and  indicates  what  is  now  being  done 
in  at  least  one  branch  of  engineering  practice.  It  is  only 
fair  to  add  that  water  tube  boilers  for  land  purposes 
have  become  very  popular  in  America  and  on  the  Conti- 
nent. Their  use  is  also  rapidly  extending  owing  to  the 
great  increase  of  steam  pressures,  for  which  they  are  so 
suitable. 

For  a  little  variety,  let  us  have  a  chat  about  "  forced 
draught"  The  idea  is  an  old  one.  James  Watt  tried  it 
on  his  famous  kettle  with  the  bellows,  and  millions  since 
his  time  have  similarly  utilised  it  in  their  own  houses.  In 
past  years  we  were  taught  to  believe  that  the  truest 
economy  in  steamers  consisted  in  giving  them  plenty  of 
boUer  power  and  easy  firing,  thereby  increasing  the 
durability  of  every  part  exposed  to  heat.  Now,  however, 
we  are  asked  to  try  something  which  is  said  to  be  better, 
and  although  a  very  great  deal  has  been  said  and  written 
upon  this  subject,  nothing  conclusive  has  yet  appeared. 

*'  Coals  is  coals  ndw^'^  as  the  dealer  told  the  little  girl 
who  complained  that  the  last  lot  he  sold  to  her  were 
stone— or  rather  of  a  rocky  formation.  So  they  are  also 
in  many  ways  to  the  shipowner,  and,  therefore,  the 
advocates  of  the  new  system  of  firing  furnaces  are  doing 
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their  best  to  show  him  that  he  will  save  ever  so  much  by 
adopting  it  in  his  vessels.  After  what  has  been  said  and 
done  to  prove  this,  however,  it  appears  surprising  that  all 
the  ocean  Companies  have  not  made  a  rush  at  it,  but  the 
experiences  of  engineering  practice  are,  as  we  have  said, 
so  extremely  peculiar,  that  we  have  to  make  our  advances 
in  red  Indian  style — very  cautiously. 

There  is  an  old  story  floating  about  the  world  con- 
cerning a  Highlander  who  hoped  to  make  his  horse  do 
without  food  by  reducing  the  allowance  to  the  extent  of 
one  straw  per  day.  When  it  came  to  the  last  straw,  how- 
ever, the  horse  died  because  he  was  fed  too  much  on  ofV, 
and  if  the  furnaces  of  steam  generators  are  forcibly  sup- 
plied with  an  over-charge  of  atmosphere,  is  it  not  vezy 
apparent  that  the  intensified  heat  thus  produced  may  in 
time  so  injure  the  crown  plates  of  a  flue  as  to  cause  its 
collapse.  Of  course  when  everything  is  kept  in  splendid 
order  this  cannot  happen,  because  the  heat  is  passed 
through  the  metal  to  the  water  which  surrounds  it ;  but  if 
the  conducting  power  of  the  plating  should  be  checked  by 
chemical  deposit,  we  may  then  expect  its  rapid  and  pre- 
mature destruction. 

This  is  what  may  be  termed  a  practical  view  of  the 
case,  although  only  from  one  point  of  observation.  Its 
commercial  aspect  has,  however,  been  to  some  extent 
indicated  by  the  recent  voyages  of  Messrs.  Smith  &  Son's 
S.S.  ••  City  of  Venice,"  and  also  the  sister  steamer  "  B," 
owned  by  the  same  Company,  the  former  vessel  having 
been  worked  under  the  forced  dr&ught  system,  and  the 
latter  with  natural  draught  only. 

The  gross  tonnage  of  the  **  City  of  Venice  "  is  3,372, 
and  her  quadruple  engines  are  about  i»7oo  horse-power ; 
whilst  steamer  <'  B  "  has  a  tonnage  of  3»a29,  and  is  driven 
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by  an  equally  effective  set  of  triple  machinery,  both  ships 
being  fitted  with  duplicate  propellers.  Under  these  cir- 
cumstances, the  average  daily  consumption  of  coal  by  the 
former  during  the  round  voyage  to  Calcutta  was  24  tons, 
and  by  the  latter  32*2  tons,  thus  indicating  a  total  saving 
of  430  tons  of  coal,  or  22^  per  cent,  on  the  run  out  and 
home  at  practically  the  same  speed  for  both  vessels. 

From  this  it  appears  that  forced  draught  is  so  profit- 
able that  all  the  shipowners  would  be  induced  to  adopt  it, 
unless  restrained  by  the  prejudiced  judgment  of  their 
superintending  engineers.  These  gentlemen,  however, 
have  a  curiously  aggravating  way  of  viewing  every  innova- 
tion that  comes  before  them  in  an  all  round  fashion,  and 
of  treating  the  enthusiastic  statements  of  inventors  as  if 
they  understood  what  was  said,  but  did  not  quite  see 
what  was  meant.  Some  of  them,  for  instance,  will  pro- 
bably enquire  ''  how  much  of  the  22^  per  cent,  gain  in  the 
•  City  of  Venice '  is  due  to  her  quadruple  engines  ?  " 
Others,  while  acknowledging  the  value  of  such  a  result, 
will  at  once  tell  you  that  "if  it  can  be  satisfactorily 
proved  that  the  present  advantage  of  forced  draught  is 
not  neutralised  by  increased  wear  and  tear,  by  premature 
renewal  of  the  boilers,  and  by  other  incidental  consider- 
ations, then  by  all  means  let  us  have  it." 

Quadruple  engines  are  now  made  of  various  designs, 
from  three  horse-power  to  10,000  horse-power  or  upwards, 
to  suit  the  requirements  of  those  who  wish  them.  Messrs. 
Denny  are  extensive  makers  of  machinery  of  their  own 
style,  a  handsome  set  of  which  was  recently  fitted  to  the 
S.S.  "Buenos  Ayres"  of  4,300  horsepower,  and  having 
cylinders  32",  46J",  64^",  and  92"  diameter  by  5'  o"  stroke. 
Her  crank  shaft  is  18"  diameter,  and  the  working  pressure 
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of  Steam  x8o  pounds  per  square  inch.  If  anything  can 
improve  the  beauty  of  this  class  of  engines,  it  would  be  the 
adoption  of  sheet  steel  lagging  for  the  cylinders,  instead  of 
mahogany,  as  it  would  give  them  a  true  metallic  appear- 
ance and  is  easily  kept  clean,  whereas  the  latter  looks 
inappropriate,  and  soon  becomes  irreclaimably  dirty. 

The  most  distinctive  type  is  one  specially  designed  by 
Messrs.  Fleming  &  Ferguson  of  Paisley.  Here  we  have 
two  cylinders  placed  on  each  side  of  the  crank  shaft, 
which  will  be  clearly  understood  upon  reference  to  the 
annexed  plate  taken  from  a  photograph  of  the  i,6oo  horse- 
power engines  of  the  S.S.  **  Singapore.** 

The  design  is  entirely  out  of  the  beaten  track,  one 
peculiarity  being  the  arrangement  of  the  cylinders  as 
described,  and  the  other  the  adoption  of  a  triangular 
connecting  rod,  as  shown,  which  by  the  alternate  motion 
of  the  piston  rod  at  each  end,  produces  an  effect  vrith  only 
two  cranks  directly  opposite  each  other,  similar  to  that 
obtained  with  four  cranks  at  an  angle  of  forty-five 
degrees  with  each  other.  By  placing  the  whole  of 
the  cylinders  on  the  same  level,  all  the  valves,  covers, 
and  pistons,  can  be  examined,  or  taken  off,  or  taken  out, 
with  the  greatest  ease.  The  machinery  is  very  simple 
and  compact,  especially  in  a  fore  and  aft  direction,  and 
the  performances  of  engines  already  supplied  to  steamers 
have  given  every  satisfaction,  whilst  in  the  case  of  the 
**  Singapore,**  the  coal  consumption  on  trial  trip  was  only 
I -12 1  pounds  per  horse-power  per  hour.  It  may  be  added 
that  the  two  valve  casings  for  piston  valves  are  between 
the  cylinders,  and  fit  conveniently  into  spare  spaces  in 
the  design,  which  would  otherwise  remain  unoccupied. 
Port  passages  to  cylinders  are  very  short,  and  heat 
radiated  from  casings,  etc.,  is  confined  by  and  given  out 
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again  to  the  cylinders.  There  are  also  very  few  vital 
working  parts — four  main  bearings,*  two  crank  pins,  and 
two  eccentrics  for  valves  being  all  the  revolving  parts — 
whilst  in  triples  there  are  six  main  bearings,  three  crank 
pins,  and  six  eccentrics.  These  engines  can  therefore 
readily  replace  old  compounds  without  alteration  of  bulk- 
heads. 

The  quadruples  made  by  Messrs.  Simpson,  Strickland 
&  Co.,  of  Dartmouth,  are  of  a  novel  type,  specially 
adapted  for  launches  and  yachts  of  different  sizes.  A 
large  number  have  now  been  made  for  various  Govern- 
ments, and  also  for  many  firms  and  yacht  owners  in  all 
parts  of  the  world,  and  the  details  have  in  every  respect 
been  very  carefully  designed  with  a  view  to  simplicity 
and  economy.  It  may  be  mentioned  by  way  of  example, 
that  a  fifty  feet  launch,  as  above*  has  an  approximate 
speed  of  thirteen  miles  on  a  consumption  of  25  pounds  of 
coal  per  hour,  thus  making  the  cost  of  fuel  per  day,  of  ten 
hours,  about  two  shillings  and  sixpence. 

The  very  latest  improvement  in  marine  machinery  is 
the  Two-cylinder-Compound  engine  invented  by  Mr. 
Henry  Turner,  of  Liverpool,  which  —  for  experimental 
purposes  —  was  recently  fitted  to  the  yacht  **  Water- 
witch."  The  cylinders  are  6"  and  17 J"  diameter,  by  loj" 
stroke,  thus  giving  a  ratio  of  i  to  9,  and  the  boiler  has 
been  judiciously  modified.  Numerous  trials  have  been 
made  to  test  the  efficiency  of  the  new  engines,  and 
during  one  of  them  we  had  the  pleasure  of  being  an 
observer.  The  following  table  will  show  by  comparison 
the  difference  between  the  results  then  obtained  and  those 
of  the  S.S.  "  Meteor*'  already  described  : — 
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TuRNKR  Engine. 


Total  indicated  horse-power 

Pounds  of  water  evaporated  per  hour  from  212°  . . 
of  coal  consumed  per  hour  . . 
•      of  water  evaporated  from  212°  per  lb.  of  coal 
«      of  coal  burnt  per  I.H.P.  per  hour. . 

Square  feet  of  heating  surface  in  boiler  per  I.H.P. 

I.  H.P.  per  square  foot  of  grate  surface 

Pounds  of  coal  consumed  per  sq.  ft.  of  grate  surface 


S.S. 
"  Mbteor." 


1994 
29860 

4005 

8-21 

2-01 

3*33 

9-58 

19-25 


The  funnel  was  smokeless  during  the  trial,  and  the 
machinery  worked  most  satisfactorily.  With  engines  on 
the  three  crank  principle,  having  a  stroke  of  three  to  five 
feet,  also  with  a  higher  ratio  of  cylinder  areas — say,  i  to 
la — thus  giving  24  expansions  instead  of  19  as  above,  it 
is  expected  that  the  coal  consumption  will  not  exceed 
one  pound  per  horse-power  per  hour.  Indeed,  when  the 
revolutions  were  increased  to  480  per  minute  during  the 
preliminary  trials,  it  proved  to  be  even  less  than 
this. 

An  important  feature  in  the  design  is  the  arrangement 
of  the  cylinders  and  valves,  by  means  of  which  the  former 
are  used  alternately  for  steam  pressure,  and  for  forcing 
hot  air  into  the  ashpit  of  the  closed  furnace  of  the  boiler. 
As  this  air  is  drawn  from  the  tubes  of  a  heater  placed  in 
the  uptake  leading  to  the  funnel,  it  raises  the  temperature 
of  the  cylinders  to  such  an  extent  as  to  prevent  any  loss 
from  condensation  of  steam  owing  to  reduction  of  heat. 
And  as  the  pressure  is  only  upon  one  side  of  each  piston, 
the  other  two  sides  are  left  free  for  hot  blast  purposes. 

For  large  ships,  two  or  three  sets  of  tandem  engines 
may  be  used,  or  they  may  be  made  similar  to  those  of  the 
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S.S.  "  Umbria,"  etc.,  that  is,  with  one  high  pressure 
cylinder  supplying  steam  to  two  of  low  pressure  of  equal 
diameter.  In  this  case,  however,  steam  is  used  on 
both  sides  of  the  high  pressure  piston,  expanded  alter- 
nately on  one  side  of  each  of  the  others  as  before,  and 
then  changed  into  water  as  usual  in  the  condenser,  which, 
with  all  its  gear,  remains  unaltered. 

The  above  remarks  have  been  confirmed  by  a  recent 
accident  to  the  triple  machinery  of  a  New  Zealand 
steamer.  The  intermediate  engine  of  this  vessel  became 
disabled  at  sea,  and  it  was  therefore  disconnected  from 
the  other  two,  the  high  pressure  of  which  was  worked  as 
formerly.  During  the  rest  of  the  voyage  it  was  shown 
that  under  the  temporary  arrangement  the  high  and  low 
pressure  engines  alone  produced  the  same  power  and 
speed  as  before,  with  the  same  coal  consumption. 

Some  of  the  leading  superintending  engineers,  and 
others,  have  carefully  watched  the  development  of  the 
new  system,  and  efforts  are  now  being  made  in  influential 
quarters  to  utilise  it  on  a  large  scale. 

In  previous  chapters  reference  has  been  made  to  the 
varied  effects  of  breakdowns,  and  also  to  the  materials  of 
whi^  screw  propellers  are  formed.  The  late  terrible 
disaster  to  a  whole  fleet  of  ships  at  Samoa  will  help 
to  emphasise  these  remarks.  When  the  storm  which 
destroyed  the  squadron  was  at  its  height,  and  H.M.S. 
*<  Calliope  "  was  crawling  out  to  sea  at  the  rate  of  about 
half  a  knot  an  hour,  with  the  machinery  pressed  to  its 
utmost,  the  most  insignificant  accident  would  have  caused 
her  loss  with  all  on  board.  But  quite  apart  from  this, 
the  greatest  credit  must  be  given  to  her  manganese 
bronze  propellers.  Had  they  been  of  sUd  the  ship  would 
still  have  been  lost,  as  the  very  latest  facts  have  proved 
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that  about  half  a  knot  extra  may  generally  be  expected 
from  steamers  having  screws  of  the  former  metal. 

This  in  itself  means  considerable  economy,  which  is 
shown  by  the  performances  of  various  ships.  For  instance, 
when  the  P.  and  O.  S.S.  *'  Ballarat  "  had  her  speed  thus 
improved,  she  saved  about  715  tons  of  coal  on  the  voyage 
out  and  home  from  Australia.  Still  more  remarkable  is 
the  fact  that  the  S.S.  **  Australia "  and  "  Zealandia," 
running  between  Melbourne  and  San  Francisco,  had  their 
speed  increased  nearly  one  knot  by  the  use  of  bronze 
screws  of  the  same  diameter,  pitch,  and  surface  as  before. 
This  enabled  them  to  perform  the  voyage  in  two  days  less 
time,  and  obtain  the  postal  premium,  which  paid  many 
times  over  the  cost  of  the  alterations. 

It  may  also  be  added  that  some  of  the  great  ocean 
lines  are  extensively  adopting  the  same  metal,  notwith- 
standing its  high  price,  on  account  of  the  advantages  it 
confers.  Mr.  Willis,  however,  informs  me  that  the  Scotch 
engineers  are  highly  pleased  with  his  method  of  protect- 
ing steel  screw  blades  from  corrosion.  It  is  therefore 
quite  possible  that  the  shipowners  throughout  the  country 
will  use  ii  before  long,  as  they  can  thus  obtain  the  above 
results  at  much  less  cost.  ^ 

We  began  with  the  eight  knot  *'  Sirius,"  and  end  with 
the  twenty-one  knot  "Teutonic."  "Any  advance  on 
this?" — as  the  auctioneers  say.  Well,  yes,  much  every 
way— in  time. 

It  is  said  that  during  the  first  visit  of  a  well  known 
English  frigate  to  Sydney,  the  officers  were  so  frequently 
asked — "  Have  you  seen  our  harbour  ?  "  or,  "  What  do 
you  think  of  it  ?  '*  that  the  next  time  they  came,  they 
facetiously  adorned  one  of  the  sails  with  the  inscription  in 
large  letters— " WE' VE  SEEN  YOUR   HARBOUR!" 
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To  this  lovely  spot  on  the  earth's  surface,  the  future 
maU  liners  will  run  at  twenty-one  knots  an  hour,  and 
very  probably  the  "  lightning  "  racers  of  the  Atlantic  will 
have  a  twenty-five  knot  speed.  The  aforesaid  torpedo 
boats  exceed  this,  and  so  also  may  passenger  steamers 
with  improved  boilers  and  higher  pressures,  quick-running 
steel-built  engines  of  greater  power,  and  fine  lined  hulls. 

The  last  two  chapters^  have  been  unavoidably  heavy, 
though  I  hope  useful  to  many,  if  not  to  all.  The  worst 
feature,  however,  of  technical  literature  is  the  difficulty 
of  enlivening  it.  If  we  could  only  adopt  a  lighter  style, 
the  scientific  truths  intended  to  be  conveyed  would  be 
more  easily  read«  more  clearly  understood,  and  more  per- 
manently fixed  in  the  mind,  on  account  of  the  relief  thus 
given  to  the  student. 

The  volume  now  at  an  end  was  originated  by  a 
holiday  visit  to  the  Clyde  after  many  years'  absence, 
and  by  the  flood  of  sunny  memories  which  that  visit 
awakened.  Its  preparation  has  been  a  source  of  great 
pleasure  from  first  to  last,  and  it  would  be  very  ungrateful 
if  I  did  not  here  record  that  much  of  the  happiness  I  have 
tried  to  reflect  in  its  pages  has  been  due  to  the  pursuit  of 
engineering.  Her  disappointments  have  been  numerous 
but  variously  beneficial,  and  above  all,  she  has  most 
handsomely  taught  me  to  find  the  true  rest  for  the 
weary — a  rest  ever  present  amidst  the  vacillations  and 
uncertainties  of  life,  and  thus,  in  one  sense,  I  have 
become  enriched. 

It  would  be  unkind  if  I  did  not  refer  to  my  good 
friends  the  gentlemen  of  the  legal  profession,  with  which 
I  have  been  closely  connected  all  my  life,  as  many  of  my 
own  relatives  have  been  in  its  ranks — on  the  Bench, 
at  the  Bar,  and  as  solicitors.     Legal  practitioners  are 
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generally  most  courteous  and  humorous,  but  they  never 
appear  more  charmingly  interesting  than  when  hilariously 
excited  by  the  replies  of  a  witness — by  their  own  extem- 
poraneous witticisms — or  when  we  are  honoured  with 
their  assistance  in  solving  those  knotty  points  of  equity  so 
frequently  to  be  found  in  our  own  practice. 

One  of  their  order — ^the  city  Coroner  of  Liverpool — is 
a  splendid  specimen  of  his  class.  Some  years  ago  the 
designer  of  a  high  level  bridge  scheme  tried  to  explain  its 
peculiarities  to  this  gentleman,  and  after  a  short  con- 
versation exclaimed,  ''  It's  easily  seen  that  you  are  no 
engineer." 

**  Exactly  so/'  said  the  ever  genial  and  witty  Coroner, 
"  exactly  so,  but  to  me  it  is  very  evident  that  you  are  not 
a  dviX  one." 

I  certainly  cannot  close  this  treatise  without  offering 
my  best  wishes  for  health  and  prosperity  to  the  ladies  and 
gentlemen  who  are  shipowners,  and  to  shipbuilders  and 
engineers  in  every  branch  of  the  service,  with  their  wives 
and  daughters,  their  sisters,  cousins,  and  aunts,  and 
also — ^their  intended  relations. 

I  have  endeavoured  to  take  the  non-professionals  of 
both  sexes  behind  the  scenes,  and  to  explain  to  them  in  a 
free,  open,  unrestrained  style,  what  I  have  learnt  for 
myself  in  the  delightful  study  and  practice  of  engineering. 
May  I  therefore  hope  that  this  new  edition  has  proved  so 
attractive  as  to  cause  readers  of  every  class  to  share  in 
the  regret  with  which  we  say  to  all — Farewell ! 
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Accidents  in  ship  yardsi  page  69. 
Air  compressed  as  a  motive  power, 

430- 
great  works  in  Birmingham,  431. 

Shone's  system  of  sewerage  and 

drainage,  431. 

"Algerian*'  S.S.  with  new  7  to  i 

compound  cylinders,  448. 

*<  Amazon,"  West  IndU  Mail  P.S. 

on  first  voyage,  329. 

heated  bearings,  330. 

on  fire — awfdl  scenes,  332. 

ungovernable  engines,  332. 

end  of,  334. 

practical  lessons  from,  339. 

"Anglian"  S.S.  after  being  tripled, 

443»  447. 
Apprentices  in  Denny's,  40. 

Laird's,  59,  62. 

in  general,  7i»  74* 

Apprentice,  ambitious,  in  Napier's, 

63. 
an,  starting  in  the  works,  15. 

sketch  of  an  idle,  71. 

career   in    works    and   drawing 

office,  72. 

certificate  on  leaving,  73. 

how  he  gets  into  works,  74,  78. 

the  premtumed,  75. 

the  fox  hunting,  76. 

system  on  Clyde,  76. 

origin  of  premium  system,  79, 

James  Nasmyth  as  an,  79,  84. 

use  of  the  idle,  81. 

in  marine  works,  81. 

in  other  works,  82. 

false  steps  at  the  outset,  83. 

useful  hints  to  the,  86. 


Archimedes  and  his  works,  page  97. 
Hero  and  Euclid  in  a  new  light, 

99- 
Atlantic  commanders,  305. 

•*Atlas"S.S.  onfire,  321. 

Australia,  engineering  in,  414,  417. 

early  life  in,  415. 

journey  through  the  interior  to 

Sydney,  417. 
departure  for  London,  419. 
at  sea,  420. 

end  of  the  voyage,  426. 
life  in  the  present  mail  liners  to, 

426. 

*<  Baxnbs  Jambs,"  sailing  ship,  242. 
Belgian  iron,  31. 
•«  Bengal  "  P.  &  O.  S.S.,  42. 
"  Bentinck  "  S.S.  experiments  with 
triple  and  compound  engines 
448. 
Board  of  Trade  examinations,  215. 
Boilers,  supervision  of,  226. 

and  their  difficulties,  226,  229. 

cause  of  corrosion  in,  463. 

connections  in  ship,  280. 

dreadful  explosion,  232. 

economy  of  heat  in,  233. 

Fairbaim's  experiments,  234. 

forced  draught  in,  469. 

hydraulic  testing,  232. 

increased  pressures  in,  229. 

non-conducting  coverings,  232. 

processes  of  manufacture,  235. 

proportioning,  205. 

rational  science  rule,  206. 

steel,  and  their  failures,  228. 

steel,  reduced  weight  of,  449. 
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Boilers,  strange  accident,  464. 

table  of  horse  power  per  ton,  469. 

water  tube,  and  their  failures,  466. 

water  tube,  and  their  critics,  468. 
Books,  engineer's  note,  148. 

useful,  on  calculations,  140,  142, 
144. 
Breakdowns  at  sea,  177,  212,  214, 

316. 
Bridge  engineer's  and  their  calcul- 
ations, 145. 
Bridgewater,    Duke    of,    and    his 

canals,  5. 
Bridges,  timber,  in  America,  107. 

various  kinds  of,  104. 

wire  rope  suspension,  106. 
Building  yard,  the,  237. 
Bulkheads,  watertight,  238,  284. 
Bums  and  Maclver  in  1830,  53. 
Burton,  Mr.,  and  his  visitor,  213. 

Calculations,    empirical,     143, 

148. 
Calculation,  graphic  method  of,  140. 
systems  of,  136. 

systems  of,  true  science,  137, 143. 
valuable  books,  140,  142,  144. 
**  Calliope,"  H.M.S.,  and  her  pro- 
pellers, 477. 
Canal,  ancient  Suez,  96. 
Bridgewater,  6. 
engineering,  5. 
steamboat  first  on,  184. 
steamboat,  *'  Lord  Dundas,"  186. 
steamboat,    dangerous     voyage, 

188. 
steamboat,  discovery  of  compass 

deviation,  189. 
towage,   Houston's   experiments 

on,  185. 
towage,  Fairbaim's  experiments 
on,  186. 
Canals,  cable  towage  on,  191. 

steam  power  on,  190. 
'*  Challenger,"  H.M.S.,  Scientific 
expedition,  424. 


Chemistry,  destructive   power  of, 

462. 
•*  City  of  Paris,"  S.S.,  245. 
"City   of    Venice,"    S.S.,    forced 

draught  in,  470. 
'*  Civil "  engineering,  meaning  of 
the  term,  93. 
use  of  the  term,  95. 
various  branches  of,  94, 104. 
Clients,  peculiarities  of,  400. 
Mr.  O'Brien,  400. 
his  law  case,  401. 
survey  of  iron-work  machinery, 

403- 
a  "  valuable  invintion,"  404. 

report  of  the  works,  405. 

trial  begun,  406. 

Mr.  O'Brien  as  a  witness,  406- 

a  reticent  Q.C.,  407. 

results  of  the  trial,  408. 

various  kinds  of,  41a 
Coal  in  long  voyage  steamers,  458. 
Collapse,  strange,  inside  a  boiler, 

464. 
Collisions,  fatal,  339. 
'<  Columba,"  river  steamer,  46. 
« Competitions,'*  how   conducted, 
386. 

Eatanswill  bridge,  387. 

"  invitation  ^  to  engineers,  388. 

plans  received,  389. 

the  town  councillors,  389. 

the  borough  surveyor,  389. 

his  draughtsman,  390. 

councillors'    opinions   of   plans, 

392- 
results  of  the,  393,  398. 

skill  and  labour  required,  395. 

improved  system  of,  397. 

iron  pier,  398. 

.Compound,"  misleading  use   of 
the  term,  233. 

Turner's  new  two  cylinder  en- 
gines, 475. 

Turner's  trial  trip,  particulars  of, 

475- 
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Conflagrations,  unaccountable,  334* 
Construction,  &ulty,  of  early  en- 
gines, 134. 

ruling  principles  in,  221. 
Constructive  machinery,  25. 
Contract,  preliminaries  of,  for  ships 

and  engines,  I18. 
Corliss's  valyes  in  marine  engines, 

19,  20. 
Coroner's  reply  to  the  C.E.,  480. 
Corrugated  furnaces,  429. 
Crank  shafts,  how  made,  153,  223. 

of  iron  and  steel,  153. 

of  S.S.  "City  of  Rome,"  154. 

formula  for  triple,  208. 
'*  Crisp  word  of  command,"  293. 
Cunard  steamers  in  1850,  50. 

company,  origin  of,  53. 

Denny  Bros',  engineering  works, 

1852  to  1857,  28. 
new  works  of,  441. 
William  among  the  '*  fifties,"  37. 
Design,    new   and    improved,   for 

compound  engines,  19. 
Designing  machinery,  122,  199. 
Designs  for  ironclads,  131. 
Deviation  of  compass,  discovery  of, 

189. 
Dimensions,  method  of  recording 

leading,  139. 
Displacement  of  a  ship,  271. 
Drainage  and  reclamation  of  land, 

107. 
Draughtsman's  chief  qualifications, 

125, 178. 
swell  from  Maudslay's  ?,  129. 
Draughtsmen  at  Laird  Bros',  works, 

59- 
Drawing  office  calculations,  134. 

instrumentSi  91. 
non-professional  advisers,  126. 
plans,  arrangement  and  number- 
ing of,  130,  203,  210 
power  for  good  or  evil,  149. 
practice  in  Laird's,  128. 


Drawing  office,  practice  in   early 
days,  128,  135. 
the,  121. 
Drawings,  arrangement  of,  in  office, 
130,  203. 
detection  of  errors  in,  154. 
**  picture,"  131. 

system  in  preparing  working,  127. 
working,  65. 

working,  primitive  style  of,  68. 
Dreams,  profitable,  371. 
Dumbarton  among   the   **  fifties," 
28,  34. 
revisited  among  the  "eighties," 
41. 

Egyptian    Monarch's     treasure 

house,  165. 
Electric  engines  for  pumping,  &c., 

435- 
for  ships,  railways,  &c.,  459. 

Ellington,  Mr.,  useful  hints  for,  212. 

Engine,  compound,  invention  of,  17. 

Elder's  improved,  17. 

epidemic  in  1868,  18. 

power,  proportion   to  speed   of 
ships,  163. 

room  smashes,  214,  317,  367. 

room  mystery,  an,  361. 
Engineer,  chief,  of  H.M.S.  "  Cap- 
tain," 63. 

general  utility,  the,  69. 

Japanese  chief,  10. 

superintending,  duties  of,  176. 

working  dress  of  the,  .'92. 
Engineering      and      shipbuilding, 
changes  in,  247,  250. 

"Civil,"   among   the    ancients, 
1,96. 

as  it  was  and  is,  loi. 

meaning  of  the  term,  93. 

early  development  of,  12. 

errors,  67,  253. 

good  and  bad,  123. 

in  Newcastle  district,  440. 

made  easy,  214. 
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Engineering     and      Shipbuilding, 
masterstrokes  of  design,  429. 

past  and  present,  428. 

practice  of,  116. 
Engineering,  professional*  and  other 

advisers,  126. 
Engineers  of  ships*  307. 

thre^  classes  of,  124. 

who  should  be,  85. 
Engines,  atmospheric  gas,  432.. 

compressed  air,  430.   * 

faulty  construction  of,  134. 

finishing  touches  of,  255. 

modem  types  of,  251,  290. 

'*  new  and  improved  design,"  19. 

particulars  of,  for  estimating,  117. 

principle  of  economy  in,  292. 

quadruple,  462. 

sketching  in  the  works,  35. 

starting  the,  276. 

steeple,  43. 

Turner's  new  "  two  cylinder  com- 
pound," 475. 

Turner's  trial  trip  particulars,  475. 

vaporised  spirit,  461. 

various,  in  progress,  16,  151. 
Erecting  shop,  activity  in,  216,  221. 

plate  of,  219. 

engine,  foundations  in,  222. 
Errors  in  drawings,  detection  of, 

154. 
Estimate,  cause  of  variations  in,  197. 

the  "  lowest "  194,  197. 
"  Etruria,"  S.S.  Cunard,  170,  436. 
Euclid  and  his  science,  99. 
*' Euphrates,"  H.M.S.,  70. 

Fairbairn's  works  in  Manchester 
and  at  Millwall,  13. 
his  character,  14. 

Favre  Louis,  the  tunnel  contractor, 
103. 

Ferries,  railway  steamer,  102. 

Fitting  processes  in  engine  details, 
219. 

Flag  signalling  at  sea,  303. 


Flags  of  ships,  262,  304. 
Floods,  gigantic,  1 10. 
Forced  draught  in  boilers,  469. 
Foremen  in  Denny's  worics,  38. 

in  lAird's  worics,  64,  67. 

in  various  works,  68,  345. 
Forge  at  a  marine  work,  385. 

Mersey,  Liverpool,  286. 
Forgings   and    castings,    first    for 

engine,  152. 
Formulae,  simple,  in  the  works,  137. 
Forth  Bridge,  105. 

Gallkys,  ancient  wak,  240. 

Gas,  atmospheric,  engines,  432. 

Galvanic  action   in  screw  shafts, 
224. 

General  arrangement,  plan  of  en- 
gines, 157. 

Good  and  bad  engineering,  123. 
health,  secret  of,  133. 

Goodwin  Sands,  origin  of,  108. 

Graphic  system  of  calculation,  140. 

Guns,  monster,  oonstractive  mach- 
inery, 249. 

Hand  Labour,  past  and  present, 

39- 

"  Happy  man,"  a,  amongst  engin- 
eers, 44. 

Hardinge's,    Charles,    promotion, 

341- 
Harland,  Sir  E.  J.,  career  of,  84. 

*«  HeU-fire  Tom,"  10. 

Henderson,  Captain,  273. 

Hero  of  Alexandria,  97. 

Hoang-Ho  disaster,  110,  112, 

Horse  power  required  to  drive  ships, 

205. 

Hydraulic  power,  430. 

Indicator  Cards,  298,  301. 

''double  extra,"  and  coal  con- 
sumption, 457. 
Inventions,  highly  profitable,  22. 

engineer's,  patented,  344,  412. 
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Inventors  and  their  difficulties,  23. 

hints  to,  412. 
"  ImpzoTements,"  resnlt    of  inju- 
dicious, 150. 
Ironclad  and  gun  competition,  24S. 

'*  Sardegna,"  Italian,  249. 
Ironclads,  machinery  designs  for, 

131- 
Iron  work  speculation,  an,  400. 

Japanese  chief  engineer,  10. 

engineering  students,  10. 
Judkin's,  Captain,  passenger,  51. 

in  the  P.S.  "Scotia*'  during  a 
f<^.  306. 

Kent  flooded   by  a  gap  in   the 

Thames  embankment,  108. 
Knots  and  loops,  222. 
and  miles,  246. 

Labour,  hand  and  machine,  17. 
Lagging    sheet   steel    in   engines, 

472. 
Laird  Bros,  and  H.M.S.  '*Agin- 

court,**  54,  58. 
draughtsmen  and  apprentices,  59, 

62. 
foremen  and  workmen,  64,  69. 
works  at  Birkenhead,  56. 
Land,  drainage  and  reclamation  of, 

107. 
'*  Larboard  '*  and  "  starboard,*'  283. 
Lathe,  turning  the,  259. 
Launch  fiailnres,  265. 
Launch  of  H.M.S. "  Black  Prince," 

269. 
Launches,  electric  engines  in,  459. 
Launching  a  ship,  method  of,  267, 

270. 
Leading  proportions  of  engines  and 

boilers,  209. 
Legal  profession  and  engineers,  479. 
Lifting  of  heavy  weights*  221. 
Lignumvitae  screw  shaft  bearings, 

285. 


Liquid  fuel  in  locomotives  and  fac- 
tories, 460. 
in  steamers,  460. 
Little  things  in   engineering,  im- 
portance of,  200. 
Locomotive  superintendent,  death 
of  a,  342. 
the  new,  344. 

his  patent  tyre  fastening,  345. 
life  of  a,  3S4' 
Log  book  records,  457. 
Losses,  unaccountable,  at  sea,  324, 

327. 
"  Lusitania/*     S.S.,     after    being 

tripled,  444,  448,  458. 

Macdonald,  Mr.  the  superintend- 
ing engineer,  158,  172. 

his  ideas  of  screw  propulsion,  172. 

important  discovery,  173. 

"  improvements,**  and  his,  200. 

style  of  reasoning,  214, 
Machine  labour,  17. 

"perpetual  motion,*'  400. 
Machinery,  "cheap,"  198. 

constructive  in  various  works,  25. 

hydraulic,  430. 

in  general,  198. 

of  S.S.  "  Rosalind,"  199. 

what  it  did  at  the  North  London 
Railway  Works,  24. 
Maclver,  Charles,  439. 

his  wonderful  pilot,  49. 
Mail  steamers,  drill  in,  323. 

when  to  see,  308,  314. 
Manager  of  works,  178. 
'*  Marco  Polo  "  sailing  ship,  243. 
Marine   engine,  design  and   con- 
struction, 204. 

different  kinds  of,  16. 

engineering,  origin  of,  179. 

first  experiment  on  Forth,  182. 

propulsion,  ancient,  181. 
Memory,  science  of,  382. 
Mental  strains  of  overworked  en- 
gineers, 369. 
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Mersey  passenger  traffic,  314. 

*'  Meteor,"  S.S.,  experimental  trip, 

455- 
Mississippi,  shortening  of,  iii. 

steamers  on  the,  180. 

Mistakes,  costly,  253. 

Moon-poisoning  at  sea,  421. 

Napibr's,  Robert,  famous  inter- 
view with  Mr.  Canard,  52. 
Lanoefield  and  Vulcan  Works,  53. 
Names  of  ships,  260. 
Nasmyth,  James,  as  an  apprentice, 

79- 
Navigation,  beginning  of,  238. 

early  Australian,  244. 
Neilson  &  Co.,  Glasgow,  42. 
Note  books,  engineer's,  148,  390. 
Number  of  parts  in  marine  mach- 
inery, 221. 

OcBAN  Steamer  breakdown,  and 

valuable  discovery,  476. 
*'One  man,'*  the  system  in  great 

movements,  439. 
Operations,  preliminary,  in  building 

a  ship,  152. 
Optical  delusions,  171. 
Ordnance   survey   of   the    United 

Kingdom,  113. 
Origin  of  Cunard  Company,  53. 
"Orinoco,"  S.S.,  chief  engineer  of, 

363- 
shaky  engines  of,  363. 

Paddle  Wheel,  180. 
Painting  of  machinery,  255. 
Pattern  shop,  91. 
"  Persia,"  P.S.,  Cunard,  51. 
David    Kirkaldy's,  drawing  of, 

278. 
Petroleum  in  boilers  of  land  and 

marine  engines,  460. 
Pilots  of  ships,  49i  an* 
Plans,  unnecessary  alteration  of  202. 
''Practical  man,"  the,  441. 


Practice,    private,    how    I    com- 
menced, 373. 
leave  the  works,  374. 
advice  of  friends,  375, 
new  movements,  376. 
difficulties  overcome,  377. 
cause  of  difficulties  in,  378. 
useful  hints,  379. 
compiling  note  books,  381. 
"President,"  P.S.,  original  adver- 
tisement, 323. 
departure  on  last  voyage,  323. 
old  and  new  captains,  323. 
in  a  storm,  325, 
the  missing,  326. 
theories  concerning  the  lost,  326. 
Pressure  of  wind,  36. 
Professional  literature,  how  to  use, 

380. 
Profitable  inventions,  22. 
Promotion  by  influence,  346. 
Propeller,  screw,  peculiarities   of, 

160. 
Propellers  of  H.M.S.  '*  Calliope," 
and  other  ships,  477. 
•*  Waiis'  protected,"  478. 
Proportions,      standard      drawing 

office,  147. 
Pumping  operations  on  a  vast  scale, 

107. 
Pupils,  premiumed,  75. 
Pyramid,   Great,   construction  of, 
96. 

Quadruple  engines,  462,  471. 

for  yachts  and  launches,  475. 

of  S.S.  **  Buenos  Ayres,"  471. 

new  style  in  S.S.  *'  Singapore," 
472. 
Quantities  in  engineering  work,  396. 

Racing  on  the  Mississippi,  230. 
Railway,   annihilated    **coo"    on 
the,  10, 

electric  engines,  460. 

engineering,  379. 
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Railway,  LiTerpool  and  Manchester, 
origin  of,  6. 

Q.C.,  early  days  of  the,  8. 

serious  obstacles,  6. 

scientific  witness,  7. 

speculative  mania,  7. 

stories,  ghastly,  li. 

travelling,  past  and  present,  353. 

travelling,  in  America,  354. 

travelling,  safety  of,  319,  341. 

Woosang,  history  of^  9. 
Report,  an  engineer's,  356. 
Rig  of  ships,  263. 
Riven,  freaks  of  alluvial,  1 1 1 . 
Roberts,  Richard,  27. 
*<  Rosalind,"   S.S.,  particulars   of, 
120. 

lines  on  mould  loft  floor,  152. 

working  model  of,  152. 

boiler  plans  for,  152. 

engines  begun  in  works,  152. 

shafting  plan  of,  156. 

general  arrangement  plan,  156. 

positions  of  engines  and  boilers, 
158. 

Mr.  Macdona]d*s  arrival  on  the 
scene,  158. 

Mr.  Macdonald,  his  ideas  of  screw 
propalsfon,  160. 

leading  dimensions  of  machinery, 
206. 

engines  taken  down,  259. 

launch  of,  264. 

starting  the  engines,  276. 

in  the  Mersey,  279. 

description  of  interior,  280. 

engine  room  of,  282,  286. 

pumping  machinery,  283. 

screw  shaft  tunnel,  284. 

materials  of  engines,  286. 

before  trial  trip,  289,  298. 

control  of  engines,  290. 

appliances  on  board,  294,  2^. 

during  trial  trip,  298. 

grand  saloon,  299. 

"  running  the  mile,'*  300. 


**  Rosalind,'*  S.S.,  off  in  mail  tender 
to,  309. 
owners  of,  310. 
final  visit  before  sailing,  311. 
passengers  of^  312. 
sails  on  first  voyage,  313. 
Row,  midnight  from  Glasgow  to 

Greenock,  45. 
**  Royal  Mail  Steam  Packet  Com- 
pany," 340. 
Rules,  simple,  for  calculations,  138, 

I43»  US- 
complicated,  142. 

empirical,  143. 

"  Russia,"   S.S.,   man    overboard. 

Sails,  origin  of,  239. 

self-reefing,  241. 
Scientific  witness,  the,  402,  409. 
"  Scotia,"  Cunard  P.S.,  52. 
Screw  propeller  blades,  cost  of  in 
different  metals,  169. 
propeller,  thickness  of,  169. 
propeller,  formation  of,  167. 
propeller,    cause    of  destructive 

corrosion,  168. 
compared     with    paddle-wheel, 

171,  180 
experiments,  166. 
feathering,  Bevis',  168. 
'*  negative  slip  "  mystery,  165. 
of  various  materials,  168. 
.  on  canals,  192. 
particulars  of  S.S.  <*  Etruria's," 

170. 
peculiarities  of  the,  160,  166. 
"  positive  slip  "  of,  164. 
•*  Willis'  protected,"  169. 
Screw  propulsion,  intricacies  of,  163. 
Mr.  Bouverie's  ideas  of,  172. 
Mr.  Macdonald's  ideas  of,  160, 
172. 
Seagoing    engineers,    duties    and 
peculiarities  of,  307. 
two  inventive,  19. 
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Seagoing  experiences  of  Mr.  Mac- 

donald,  211,  214. 
Shafts,  crank,  and  screw,  223. 

&ilure8  of,  224. 

history  of,  153. 

destnictiTe   galvanic   action  in, 
224. 

repairs  after  a  smash,  212. 
Shafting,  plan  for  <*  Rosalind,"  156. 
Ship,  a  cofilin,  358. 
Ship-building,  ancient,  239. 
Ship-owner's  commercial  troubles, 

455- 
objections  to  *'  new  and  improved 

engines/'  21. 
Ships,  control  of,  from  bridge,  294. 
distinguishing  marks,  260. 
engine-power  proportions.  163. 
engine-power    calculated,    com- 
pared with  actual  power  at 
different  speeds,  205. 
Froude's  experiments  upon  fluid 

resistance  of,  170,  204. 
mechanical  appliances,  241. 
modem  clipper,  242,  244. 
particulars  for  estimating,  117. 
"  Shrinking  on  '*  process,  223. 
Signalling,  flag,  at  sea,  303. 
Silting  process  in  rivers,  1 10. 
Sketching  engines  in  the  works,  35. 
Slings,  loops,  and  knots,  222. 
Sound,  extraordinary  transmission 

of,  422. 
Soundings,  deepest  ocean,  425. 

deep  sea,  423. 
Specifications,  195,  396. 
"  Special "  machinery,  26. 
Steam,  expanded,  economy  of,  445. 
expanded,  useful  tables  of,  446. 
navigation,    early    experiments, 

182. 
navigation  on  canals,  190. 
pipe  disaster  at  sea,  200. 
power  in  volcanoes,  425. 
ship*s  performances,  peculiarities 
of,  455- 


Steam  ships,  the  future  of,  478. 

winches,  297. 
Steamer  *'  Britannia,"  the  pioneer 
Cunarder,  4. 

"Britannia,"  cutting  a  channel 
through  the  ice  for,  4. 

"  British  Queen,"  3. 
*  first,  to  India,  2. 

first,  defective  machinery,  2. 

first,  ^Eiilure  of  undertaking,  3. 

first  Sunday,  on  Clyde,  45. 

"  Great  Western,"  3. 

"  Inverary  Castle,"  44. 

*•  Sirius,"  3. 
Steamers,  Cunard,  in  1850,  50. 

Cunard,  first  iron,  50. 

Cunard  and  other,  320. 

fastest  long  voyage,  244. 

latest  mail,  307. 

modem,  on  Clyde,  46. 

railway  ferry,  102. 

swiftest  river,  246. 
Steel,  "  burnt,"  236. 

in  engines  and  boilers,  449. 
Steering  gear,  294. 
Storm,  effects  of  a  dreadful,  36. 
Strikes  among  workmen  in  ship- 
yards, 30. 

evils  of,  31. 

the  delegate,  33. 
Superintending  engineer  and  bad 
workmanship,  194. 

duties  of,  176,  196. 
Macdonald,  159. 
Superstitions  of  modem  times,  62. 
Sydney  to  London  in  1845,  414. 

"Tables"  of   proportions  for 

drawing  office,  146, 148. 
Thames,  the,  as  it  was,  108. 
Tod  and  Macgregor,  Glasgow,  42, 

53- 
To6ls  required  in  works,  91. 

Towage  on  canals,  190. 

Trial -trip,  a  disastrous,  348. 

visit  from  a  ship-owner,  349. 
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Trial-lrip,  "Ship  for  sale,*'  350. 
engaged  for.  350. 
Mr.  Coventry,  the  agent,  355, 

359- 
bad  workmanship,  361. 

high  speed,  365. 

loss  of  the  ship,  367. 

the  first,  183. 
Trial-trips,  unsuccessful,  302. 
Triple-expansion  engines,  442. 

ship-owner's  ideas  of,  443. 

economy  of,  in  long  voyage  ships, 

443- 
cause  of  economy  in,  444. 

useful  steam  tables,  446. 

compared  with  compound,  447, 

457- 
space  occupied  by,  449. 

weight  of,  449. 

steel  in  construction  of,  450. 

latest  style  of,  453. 

wear  and  tear  in,  454. 

management  at  sea,  454. 

coal,  consumption  of,  455. 

S.S.   "  Meteor's  "   experimental 

trip,  455- 
log-book,  records  of,  457. 
break-down  at  sea,  and  strange 

discovery,  476. 
cycle  of  operations  in  working, 

252. 
description  of,  in  the  works,  220, 

251. 
experiments  with,  and  compounds 

in  same  ship,  448. 
proportions  of,  207. 
Tunnel  gear  of  *'  Rosalind,"  284. 
Tunnels,  great  railway,  102. 
Turner's   new   two-cylinder   com- 
pound engines,  475. 
Turnery,  heavy,  at  marine  works, 

256. 
Turning  gear,  uses  of,  253. 

"UMBRiA"and  ••Etruria,"S.S., 
436. 


Valves,    Corliss's,     in    marine 

engines,  20. 
Vaporised  spirit  engines,  461. 
••Vestal,"  H.M.S..  arrival    of   in 

Sydney,  1844, 4x8. 
Volcanoes,  motive  power  in,  425. 
Voyage  from   Sydney  to  London, 
1845,  414- 
departure  for  England,  419. 
at  sea,  420. 
end  of,  426. 

Watkr,  destructive  action  of,   in 
rivers,  112. 
destructive  action  of,  in  boilers, 

465. 
peculiarities  of,  for   screw  pro- 
pulsion, 161. 
purifying    apparatus  for  boilers, 

466. 
tube  boilers,  466. 
tube   boilers   and    their   critics, 
468. 
"Watt,   Jeems,    the    inventor   <?* 

steamy''  454. 
Weight  of  floating  bodies,  how  to 

calculate,  271. 
"  We've  seen  your  harbour,"  478. 
Whitworth's  fluid  compressed  steel, 

153- 
machinery,  15. 

Windlass  and  capstan  steam,  297. 

Wind  pressures,  36. 

Witness,  the  scientific,  402. 

Working  drawings,  65. 

system  in  preparation  of,  127. 
Workmanship  bad,  193. 
Workmen,  strikes  among,  30. 
Works  of  Denny  Bros.,  28,  441. 

Harland  and  Wolff,  84. 

Laird  Bros.,  55,  373,  441. 

Marine   and    locomotive,  diflfer- 
ence  between,  55. 

repairing,  88. 

Sewing    Machine    Co.,    on    the 
Clyde,  49. 
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Works  of  Sir  Charles  Palmer,  at  *'  Yorkshireman/'  P.S.i  penalty  for 

Jarrow,  435.  delay  in  bnilding,  38. 

Sir  William  Fairbaim,  13.  loss  of,  38. 

Workshop  dress,  92.  raising  the  wreck  and  reconstiuc- 

practice,  past  and  present,  86.  tion,  38. 

handsome  profit,  38. 
Yards,  double-topsail,  241. 
self-reefing,  241. 
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ABSTRACTS    OF    REVIEWS    OF    FIRST 

EDITION. 

**It  was  a  decidedly  happy  thought  that  prompted  Mr.  Haldane  to 
write  a  treatise  on  Citnl  and  Mechanical  Engineering  for  general  reading, 
and  in  this  he  has  succeeded  admirably.  He  has  treated  bis  subject  in  a 
broad  and  intelligent  manner,  and  has  interspersed  some  capital  stories  and 
reminiscences  that  give  a  bright,  lively  tone  to  a  work  of  great  value,  which 
is  written  with  conspicuous  ability,  and  rich  in  instructive  and  enter- 
taining matter." — Morning  Post, 

"Mr.  Haldane*s  intention  has  been  to  try  to  interest  everyone  in  the 
science  in  which  he  is  a  practical  proficient,  and  he  has,  on  the  whole, 
admirably  carried  out  his  conception." — Saturday  Revieiv, 

"  It  is  bat  fair  to  say  that  most  '  popular '  scientific  works,  as  generally 
constructed,  are  designed  not  to  be  read,  but  to  be  given  away  as  gifts  or 
prizes.  There  are  a  few,  however,  which  have  the  rare  distinction  of 
being  readable.  To  this  few  undoubtedly  belongs  Mr.  J.  W.  C.  Haldane's 
book  on  CivU  and  Mechanical  Engineering,^^ — The  Scotsman, 

'*  The  interest  of  a  subject  depends  on  the  way  in  which  it  is  handled ; 
and  Mr.  Haldane  so  deals  with  Engineering  Popularly  and  Socially  Con- 
sideredy  that  not  only  those  who  want  to  know  what  to  do  with  their  boys, 
but  readers  of  all  kinds  will  not  lay  down  his  book  until  they  have  read  it 
through." —  Graphic, 

"  The  graphic  description  of  the  life  of  a  mechanical  engineer  and  of 
its  achievements — the  salient  features  of  the  work  of  a  constructing  and 
consulting  marine  engineer — stories  of  the  errors  of  engineering,  &c.,  make 
a  most  interesting  volume. — Scientific  American. 

"  This  production  of  Mr.  Haldane*s  is  a  welcome  novelty  in  the  field  of 
ei^neering  literature.  It  contains  much  useful  information,  and  embodies 
the  ideas  gleaned  in  a  thirty-five  years'  professional  experience.  Altogether 
the  volume  commends  itself  for  both  pleasant  and  profitable  reading,  and 
well  carries  out  the  intent  of  the  author." — American  Engineering  News, 

"  A  very  interesting  and  valuable  record  of  the  great  improvements 
already  made,  and  of  the  life  and  experience  of  a  practical  engineer.  It 
abounds  with  a  variety  of  useful  information  as  to  the  different  branches  of 
the  science.  In  fine,  we  have  much  pleasure  in  recommending  Mr. 
Haldane*s  most  attractive  book  to  all  readers  who  wish  to  become  intimate 
with  the  operations  of  so  important  a  science,  especially  when  the  details 
are  set  forth  with  such  clearness  and  in  so  pleasing  a  style." — Irish  Times, 

**  The  pecsonal  experiences  of  the  author  fill  several  very  entertaining 
chapters,  while  the  whole  volume  is  written  in  a  style  that  will  greatly 
interest  general  readers.  Mr.  Haldane  says,  'The  reason  wl^  so  many 
Csdse  steps  are  made  in  the  choice  of  engineering  as  a  profession  is 
attributable,  on  the  one  hand,  to  a  want  of  proper  knowledge  of  what  is 
required  of  them  by  those  who  wish  to  enter  it,  and  on  the  other  hand, 


to  unsnitability,  or  want  of  application,  on  the  part  of  those  who  feel  some- 
what inclined  to  study  it.*  The  present  work  will  be  useful  in  enabling 
some  of  these  difficulties  to  be  overcome,  by  making  known  the  exact 
requirements  of  an  engineer's  workshop." — The  Daily  Chronicle. 

'*  Those  who  imagine  that  books  of  this  character  are  dry  and  not  worth 
their  attention,  will  find  themselves  undeceived  on  taking  up  and  penmng 
this  volume ;  in  short,  the  whole  work  deserves  the  highest  prabe,  and 
reflects  much  credit  upon  the  9Mihot"^^Ltverpool  Mercury, 

*'  Eminently  readable  and  instructive  is  Mr.  J.  W.  C.  Haldane*s 
Civil  and  Mechanical  Engineering.  There  is  hardly  a  department  of 
mechanical  engineering  he  is  not  practically  acquainted  with,  and  hardly  a 
member  of  any  of  those  departments  but  will  find  in  this  work  something 
to  interest,  to  amuse,  and  to  edify." —  Western  Mail, 

"Mr.  Haldane's  is  a  book  which  only  a  veteran  expert  could  have 
written.  It  is  a  series  ot  reminiscences,  personal  and  professional,  and, 
while  highly  entertaining  to  the  general  reader,  is  full  of  suggestiveness  and 
stimulus  to  the  young  engineer  or  shipbuilder.'* — Newcastle  Daily  Leader. 

"  The  work  may  at  once  be  pronounced  an  eminent  success.  The 
author  recommends  the  perusal  of  four  chapters  by  those  who  desire  a 
glimpse  of  the  secrets  of  private  practice,  and  these  will  be  found  full  of 
suggestion  and  instruction,  but  were  we  to  particularise  any  chapter  as 
deserving  of  special  attention,  we  should  certainly  select  that  relating  to 
apprentices.  His  reminiscences  of  Messrs.  Laird  Brothers*  Works  are 
delightful  xti^xxig,*^'— Journal  of  Commerce. 

'*A  most  valuable  book,  and  altogether  the  volume  is  sure  to  be  of 
very  great  interest  to  all  concerned.*' — Shipping  Telegraph'. 

**  The  work  is  a  many-sided  and  fascinating  one.** — Liverpool  Daily  Post, 

"  There  cannot  be  any  doubt  that  a  description  of  the  inner  life  of  the 
works  and  those  connected  with  them ;  the  system  of  management  in  great 
establishments ;  and  the  construction  of  ships  and  engines ;  will  prove  both 
interesting  and  instructive  to  readers  of  all  classes,  if  treated  in  a  free  and 
unconventional  style.  This  Mr.  Haldane  has  done»  and  the  result  is  a 
book  which  should  be  widely  read.'* — The  Textile  Recorder. 

"  This  book  has  a  purpose  which  it  is  more  likely  to  accomplish  in  its 
free  and  unconventional  style  than  if  it  had  been  written  as  a  formal 

treatise The  chapters  relating  to  private  practice  should  be 

carefully  read  by  all  who  intend  setting  up  on  their  own  account.'* — 
Industries. 

"The  book  is  one  to  be  read  at  home,  and  should  be  in  the  library 

of  every  engineer  a^d  machinery  user Shipowners  will 

find  here  information  which  will  afford  them  considerable  food  for  reflec- 
tion  and  business  digestion.'* — Machinery  Market. 
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The  Engifieers*   Sketch-Book  of  MecJmnical  Move- 

mettU,  Divkesy  Appliances^  Conirivafues,  Details  employed  in  the  Design 
and  Construction  of  Machittery  for  every  purpose.  Collected  from 
numerous  Sources  and  from  Actual  Work.  Classified  and  Arranged  for 
Reference.  Nearly  2000  Illustrations,  By  T.  W.  Barber,  Engineer. 
8vo,  clolh,  7^ .  td. 

A  Pocket'Book  far  Chemists,  Chemical  Manufacturers^ 

Metallurgists,  DyerSy  Distillers,  Brewers,  Sugar  Refiners,  Photographers, 
Students,  etc,,  etc.  By  Thomas  Bayley,  Assoc.  R.C.  Sc.  Ireland,  Ana* 
lytical  and  Consulting  Chemist  and  ^  Assayer.  Fourth  edition,  with 
additions,  437  pp.,  royal  32mo,  roan,  gilt  edges,  5^. 

Synopsis  of  Contents  : 

Atomic  Weights  and  Factors — Uscfitl  Data— Chemical  Calculations— Rules  for  Indirect 
Analysis—- Weights  and  Measures— Thermometers  and  Barometers— Chemical  Physics— 
Boiling  Points,  etc.— Solubility  of  Substances— Methods  of  Obtaining  Specific  (kavity— Con- 
version  of  Hydrometers— Strength  of  Solutions  by  Specific  Gravity— Analysis— Gas  Analysis- 
Water  Analysis— Qu^i^^vc  Analysis  and  Reactions— Volumetric  Analysis— ManipuUtioii— 
Miaccalogy  — >  Assaying  —  Alcohol  —  Beer  —  Sugar  —  Miscellaneous  Technologial  matter 
relating  to  Potash,  Soda,  Sulphuric  Add,  Chlorine,  Tar  Products,  Petroleum,  Milk,  Tallow, 
niocograpby.  Prices,  Wages,  Appendixj  etc.,  etc 

The  Mechanician :   A  Treatise  on  the  Construction 

and  Manipulation  of  Tools,  for  the  use  and  instruction  of  Young  Engineers 
and  Scientific  Amateurs,  comprising  the  Arts  of  Blacksmithing  and  Forg- 
ing ;  the  Construction  and  Manufacture  of  Hand  Tools,  and  the  various 
Methods  of  Using  and  Grinding  them  ;  the  Construction  of  Machine  Tools, 
and  how  to  work  them ;  Machine  Fitting  and  Erection ;  description  of 
Hand  and  Machine  Processes  ;  Tumine  and  Screw  Cutting ;  principles  of 
Constructing  and  details  of  Making  and  Erecting  Steam  Engines,  and  the 
various  details  of  setting  out  work,  etc,  etc.  By  Cameron  Knxoht, 
Engineer.  Containing  1147  illustrations,  and  397  pages  of  letter-press. 
Fourth  edition,  410,  doth,  i8x. 
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SPONS'  HOUSEHOLD  MANUAL: 

A  Treaaory  of  Domestio  Reoeipts  and  Guide  far  Home  Management 

PRINCIPAL   CONTENTS. 

Hints  for  Beleotixiflr  ft  Srood  House,  pointing  out  the  essential  requiremeats  for 
a  good  house  as  to  the  Site,  Soi^  Trees,  Aspect.  Construction,  and  General  Arrangement ; 
with  instructions  for  Reducing  Edioes,  Waterproofing  Damp  Walls,  Curing  Damp  Cellars. 

8anitation.<— What  should  constitute  a  good  Sanitary  Arrangement ;  Examples  (with 
illustrations)  of  Well-  and  Ill-drained  Houses  ;  How  to  Test  Drains ;  Ventilating  Pipes,  etc. 

Water  Supply.— Care  of  Cisterns;  Sources  of  Supply;  Pipes;  Pumps;  Purification 
and  Filtration  ofWater. 

Ventilation  and  Wanningr- — Methods  of  Ventilating  without  causing  cold 
draughts,  by  various  means  ;  Principles  of  Warminj; ;  Health  Questions  :  Combustion :  Open 
Grates;  Open  Stoves;  Fuel  Economisers  ;  Varieties  of  Grates ;  Close-Fire  Stoves;  Hot-air 
Furnaces ;  Gas  Heating ;  Oil  Stoves  :  Steam  Heating ;  Chemical  Heaters ;  Management  of 
Flues  ;  aiul  Cure  of  SmcAcy  Chimneys. 

liiflrlltinff. — The  best  methods  of  Lighting ;  Candles,  Oil  Lamps,  Gas,  Incandescent 
Gas,  Electric  Light ;  How  to  test  Gas  Pipes ;  Management  of  Oas. 

Fnmitnre  and  Deooration. — Hints  on  the  Selection  of  Furniture ;  on  the  most 
approved  methods  of  Modera  Decoration ;  on  the  best  methods  of  arranging  Bells  and  Calls; 
How  to  Construct  an  Electric  Bell. 

Thieves  and  Fire.— Precautions  against  Thieves  and  Fire;  Methods  of  Detection  ; 
Domestic  Fire  Escapes ;  Fireproofing  Clothes,  etc. 

The  Larder.— Keeping-  Food  fresh  for  a  limited  time ;  Storing  Food  without  change, 
such  as  Fruits,  Vegetables,  Egg'*  Honey,  etc 

Cnrinff  Foods  for  lenflrthened  Preservation,  as  Smoking,  Salting,  Canning, 
Potting,  Pickling,  Bottling  Fruits,  etc ;  Jams,  Jellies,  Marmalade,  etc 

The  Dairy.— The  Building  and  Fitting  of  Dairies  in  the  most  approved  modem  style ; 
Butter-making ;  Cheesemaking  and  Curing. 

The  Cellar.— Building  and  Fittmg ;  Qeaninff  Casks  and  Bottles  ;  Corics  and  Coricing ; 
ASrated  Drinks  ;  Syrups  tor  Drinks  ;  Beers ;  Bitters ;  Cordials  and  Liqueurs ;  Wines ; 
Miscellaneous  Drinks. 

The  Pantry.— Bread*making  ;  Ovens  and  Pyrometers ;  Yeasi ;  German  Yeast  ; 
Biscuits ;  Cakes ;  Fancy  Breads;  Buns. 

The  Kitchen— On  Fitting  Kitdiens ;  a  description  of  the  best  Cooking  Ranges,  ck>se 
and  open ;  the  Management  and  Care  of  Hot  Plates,  Baking  Ovens,  Dampers,  Flues,  and 
Chimneys;  Cooking  by  Gas;  Cooking  by  Oil;  the  Arts  of  Roasting,  Grilling  Boifing, 
Stewing,  Braising,  K^ng. 

Receipts  for  Dishes —Soups,  Fish,  Meat,  Game.  Poultry,  VegeUbles,  Salads, 
Puddings,  Pastry,  Confectionery,  Ices,  etc,  etc  ;  Foreign  Dishes. 

The  Housewife's  Boom.— Testing  Air,  Water,  and  Foods ;  Cleaning  and  Renovat- 
ing ;  Destroying  Vermin. 

Housekeeping',  Marketing'. 

The  DininflT-Boom.— Dietetics ;  Laying  and  Wailing  at  Table :  Carving ;  Dinners, 
Breakfasts,  Luncheons,  Teas,  Suppers,  etc 

The  Drawing-Boom.— Etiquette ;  Dancing ;  Amateur  Theatricals  ;  Tricks  and 
Illusions;  Games  (indoor). 

The  Bedroom  and  Dressing-Room ;  Sleep;  tlie  Toilet;  Dress;  Buying  Oothes; 
Outfits;  Fiacy  Dress. 

The  Nursery.— The  Room ;  Clothing;  Washmg;  Exercise;  Slcq>;  Feeding ; Teeth- 
mg ;  lUaess ;  Home  Traming. 


Frost 'bites;  Poisons  and  Antid<^tes;  Sunstroke;  Common  Complaints;  Disinfection^  Mc 
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The  Bath-Soom-— Bathing  in  General ;  Management  of  Hot-Water  System. 

Th.6  lianndrir*— Small  Domestic  Washing  Machines,  and  methods  of  getting  up  linen  ; 
Fitting  up  and  Working  a  Steam  Laundry. 

The  Sohool-Boom.^The  Room  ?.nd  its  Fittings ;  Teaching,  etc 

The  PlaygTOtmd. — Air  and  Exercise ;  Training ;  Outdoor  Games  and  Sports. 

The  Workroom. — Darning,  Patching,  and  Mending  Garments. 

The  liibrary.— Care  of  Books. 

The  GflUrdeiL^Calendar  of  Operations  for  Lawn,  Flower  Garden,  and  Kit  .hen 
Garden. 

The  Farmyard--*Management  of  the  Horse,  Cow,  Pig,  Poultry,  Bee<,  etc.,  etc. 

Small  ICotors. — ^A  description  of  the  various  small  Engines  useful  for  domestic 
purjioses,  from  i  man  to  i  horse  power,  worked  by  various  methods,  such  as  Electric 
Engines,  Gas  Engines,  Petroleum  Engines,  Steam  Engines  Condensing  Engines,  Water 
Power,  Wind  Power,  and  the  various  methods  of  working  and  managing  them. 

Household  Ijaw.— The  Law  relating  to  Landlords  and  Tenants,  Lodgers,  Servant^ 
Parodiiid  Authorities,  Juries,  Insurance,  Nuisance,  etc 

On  Designing  Belt  Gearing.      By  E.  J.  Cowling 

Welch,   Mem.  Inst.  Mech.  Engineers,   Author  of  'Designing  Valve. 
Gearing.'    Fcap.  8vo,  sewed,  6d, 

A  Handbook  of  Formulce^  Tables,  and  Memoranda^ 

for  Architectural  Surveyors  and  others  ettgaged  in  Building.    By  J.  T. 
Hurst,  C.E.    Fourteenth  edition,  royal  32mo,  roan,  Sj. 

"  It  is  no  disparagement  to  the  many  excellent  publications  we  refer  to,  to  say  that  in  our 
0|rfnion  thii  little  poocet-book  of  Hurst's  is  the  very  best  of  them  all,  without  any  exception. 
It  would  be  useless  to  attempt  a  recaptulation  of  the  contents,  for  it  appears  to  contain  almost 


compiled  little  book,  whidi  has  received  unnualified  and  deserved  praise  from  every  profes- 
sional person  to  whoa  we  have  shown  it."—  Fh*  Dublin  BuUdtr. 

Tabulated  WeiglUs  of  Angle,    Tee,   Bulb,   Routtd, 

Square,  and  Flat  Iron  and  Steel,  and  other  informatioa  for  the  use  of 
Naval  Architects  and  Shipbuilders.  By  C.  H.  Jordan,  M.I.N.  A.  Fourth 
edition,  32010,  cloth,  2j.  6</. 

A  Complete  Set  of  Contract  Documents  for  a  Country 

Lodge,  comprising  Drawings,  Specifications,  Dimensions  (for  quantities). 
Abstracts,  Bill  of  Quantities,  Form  of  Tender  and  Contract,  with  Notes 
by  J.  Leaning,  printed  in  facsimile  of  the  original  documents,  on  single 
sheets  fcap.,  in  paper  case,  10/. 

A   Practical   Treatise  on  Heat,  as  applied  to  the 

Useful  Arts;  for  the  Use  of  Engineers,  Architects,  &c.  Bv  Thomas 
Box.     With  it^  plates.    Third  edition,  crown  8vo,  cloth,  12s,  6d. 

A  Descriptive   TrecUise  on  Mathematical  Drawing 

Instruments:  their  construction,  uses,  qualities,  selection,  preservation, 
and  suggestions  for  improvements,  with  hints  upon  Drawing  and  Colour- 
ing. By  W.F.  Stanley,  M.R.L  Y\f^t,^ixovk,vfith  numerous  illustrations, 
crown  8vo,  doth,  5/. 
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Quantity  Surveying.    By  J.  Leaning.    With  42  illus- 
trations.   Second  edition,  revised,  crown  8vo,  cloth,  9^. 

Contents : 

A   complete    Explanation   of  the    London  |  Schedule  of  Prices. 

Practice.  ';  Form  of  Schedule  of  Prices. 

General  Instructions.  Analysts  of  Schedule  of  Prices. 

Order  of  Taking  Off.  I  Adjustment  of  Accounts. 

M«des  of  Measurement  of  the  various  Trades.  ,  Form  of  a  Bill  of  Variations. 

Use  and  Waste.  Remarks  on  SpeciBcations. 

Ventilation  and  Warming,  I  Prices     and     Valuation     of    Work,     with 

Credits,  with  various  Examples  of  Treatment.  '        Examples  and  Remarks  upon  each  Trade. 


Abbreviations. 

Squaring  the  Dimensions. 

Abstractmg,  with  Examines  in  illustration  of 

each  Trtfde. 
Billing. 


The  Law  as  it  affects  Quantity  Surveyors, 

with  Law  Reports. 
Taking  Off  after  the  Old  Method. 
Northern  Practice. 
The   General   Statement   of   the   Methods 


Examples  of  Preambles  to  each  Trade.  recommended  by  the  Manchester  Socieiy 


of  Architects  for  taking  Quandties. 
Examples  of  Collecuons. 
Examples  of  "  Taking  Off"  in  each  Trade. 
Remarks  on  the  Past  and  Present  Methods 


Form  for  a  Bill  of  Quantities. 

Do.       Bill  of  Credits. 

Do.        Bill  for  Altemadve  Estimate. 
Restorations  and  Repairs,  and  Form  of  BilL 
Variations  before  Acceptance  of  Tender.  of  Estimating. 

Errors  in  a  Builder's  Estimate. 

Spans*  Architects   and  Builders   Price  Book,   with 

useful  Memoranda,  Edited  by  W.  Young,  Architect.  Crown  8vo,  cloth, 
red  edges,  y,  6J,    Published  annually.    Sixteenth  edition.    New  ready. 

Long'Span  Railway  Bridges^  comprising  Investiga- 
tions of  the  Comparative  Theoretical  and  Practical  Advantages  of  the 
various  adopted  or  proposed  Type  Systems  of  Construction,  with  numerous 
Formulae  and  Tables  giving  the  weight  of  Iron  or  Steel  required  in 
Bridges  from  300  feet  to  the  limiting  Spans ;  to  which  are  added  similar 
Investigations  and  Tables  relating  to  Short-span  Railway  Bridges.  Second 
and  revised  edition.  *  By  B.  Baker,  Assoc.  Inst.  C.El.  Plates^  crown  Svo, 
cloth,  5/. 

Elementary  Theory  and  Calculation  of  Iron  Bridges 

and  Roofs.  By  August  Ritter,  Ph.D.,  Professor  at  the  Polytechnic 
School  at  Aix-la-Chapelle.  Translated  from  the  third  German  edition, 
by  H.  R.  Sankey,  Capt.  R.£.    With  ^00  illustrations,  8vo,  cloth,  151. 

The    Elementary     Principles    of   Carpentry.       By 

Thomas  Tredgold.  Revised  from  the  original  edition,  and  partly 
re- written,  by  John  Thomas  Hurst.  Contained  in  517  pages  of  letter- 
press, and  illustrated  with  48  plates  and  150  wood  engravings.  Sixth 
edition,  reprinted  from  the  third,  crown  8vo,  cloth,  I2s.  6d. 

Section  I.  On  the  Equality  and  Distribution  of  Forces'— Section  II.  Resistance  of 
Timber— Section  III.  Construcdon  of  Floors— Section  IV.  Construction  of  Roofs— Sec- 
tion V.  Construction  of  Domes  and  Cupolas— Section  VI.  Construcdon  of  Partitkmf — 
Section  VII.  ScaflToIds,  Staging,  and  Gantries— Section  VIII.  Construction  of  Centres  for 
Hridffes— Section  IX.  Coffersiams,  Shoring,  and  Strutting— Section  X.  Wooden  Bridges 
and  Viaducts— Section  XI.    Joints,  Straps,  and  other  Fastenings'— Section  XII.  Timber. 

The  Builders  Clerk :  a  Guide  to  the  Management 

of  a  Builder's  Business.    By  Thomas  Bales.    Fcap.  8vo,  cloth,  \s,  6d. 
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Practical  Gold-Mining:  a  Comprehensive  Treatise 

oil  the  Origin  and  Occurrence  of  Gold-bearing  Gravels,  Rocks  and  Ores, 
and  the  methods  by  which  the  Gold  is  extracted.  By  C.  G.  Warn  ford 
Lock,  co- Editor  of  *  Gold,  its  Occurrence  and  Extraction.'  WUh%  plates 
and  271  engravings  in  (he  text,  super- royal  8vo,  cloth,  2/.  2j. 

Hot  Water  Supply :  A  Practical  Treatise  upon  the 

Fitting  of  Circulating  Apparatus  in  connection  with  Kitchen  Range  and 
other  Boilers,  to  supply  Hot  Water  for  Domestic  and  General  Purposes. 
With  a  Chapter  upon  Estimating.    Fu/fy  iiiustratidy  crown  8vo,  cloth,  3^. 

Hot  Water  Apparatus :  An  Elementary  Guide  for 

the  Fitting  and  Fixing  of  Boilers  and  Apparatus  for  the  Circulation  of 
J  lot  Water  for  Heating  and  for  Domestic  Supply,  and  containing  a 
Chapter  upon  Boilers  and  Fittings  for  Steam  Cooking.  32  illustrations^ 
fcap.  8vo,  doth,  u.  6d* 

The  Use  and  Misuse^  and  the  Proper  and  Improper 

Fixing  of  a  Cooking  Range,    Illustrated^  fcap.  8to,  sewed,  6^. 

Iron  Roofs :  Examples  of  Design,  Description.  Illns- 

traledwith  64  Working  Drawings  of  Executed  Roofs,  By  Arthur  T. 
Walmisley,  Assoc.  Mem.  Inst.  C.£.  Second  edition,  revised,  imp.  4to, 
half-morocco,  3/.  3^. 

A  History  of  Electric  Telegraphy,  to  the  Year  1837. 

Chiefly  conmiled  from  Original  Sources,  and  hitherto  Unpublished  Docu- 
ments, by  J.  J.  Fa  HIE,  Mem.  Soc  of  Tel  Engineers,  and  of  the  Inter- 
national Society  of  Electricians,  Paris.    Crown  8vo,  cloth,  qj. 

Spans'"  Information  for  Colonial  Engineers.     Edited 

by  J.  T.  Hurst.    Demy  8vo,  sewed. 
Na  I,  Ceylon.    By  Abraham  Deane,  C.E.    2s,  6d. 

Contents  : 

Introductory  Remarks'— Natural  Productions— Architecture  and  Engineering  ^Topo- 
graphy, Trader  and  Natural  History— Prindpal  Stations— Weights  and  Measures,  etc.,  etc. 

No.  2.  Southern  Africa,  including  the  Cape  Colony,  Natal,  and  the 
Dutch  Republics.  By  Henry  Hall,  F.R.G.S.,  F.R.C.L  With 
Map.    y,6d.  Contents: 


Genera!  Description  of  South  Africa— Physical  Geography  with  reference  to  Engineering 

"iterial  in  Cape  ColonT— Geological  Notes  on  Rock 
ng  Instruments  for  Use  in  South  i 
ws.  Mountain  Roads  and  Passes,  ! 
Bridges,  Gas  Works',  Irri^tion  and  Water  Supdhf,  Lighthouses,  Dndna;_ 
Engineering,  Public  Buildings,  Mines— Table  of^  Woods  in  South  Afiica^Animals  used  for 


Operatioas^Notes  on  Labour^and  Material  in  Cape  ColonT— Geological  Notes  «k  Rocl 

ring  Instruments  for  Use  in  ~  —  -     - 

irays.  Mountain  Roai 
Water  Sumily.  Lichthouses.  Drainage  and  Sanitary 


Formation  in  South  Africa— Engineering  Instruments  for  Use  in  South  Africa- Principal 
Public  Works  in  Cape  Colony:  Railways,  Mountain  Roads  and  Passes,  Harbour  Worlcs, 


Draught  Purposes— Statistical  Notes— Table  of  Distances— Rates  of  Carriage,  etc. 

Na  3.  India.  By  F.  C.  Danvers,  Assoc.  Inst  C.E.  With  Map.  4/.  6d, 

:     Contents  : 

Physical  Geography  of  India— Building  Materials— Roads— Ranway»»Bridges— Irriga- 
tion—Rhrer  Worics— Harbours— Lighthouse  Buildings— Native  Labour- The  Principal 
Trees  of  India— Money^^Weights  and  Measures— Glossary  of  Indian  Terms,  etc 
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Our  Factories^    Workshops^  and  Warehouses:   their 

Sanitary  and  Fire-Resisting  Arrangements.  By  B.  H.  Tkwaite,  Assoc. 
Mem.  Inst.  C.E.     With  183  wood  mgravings^  crown  Svo,  doth,  9j. 

A  Practical  Treatise  on  Coal  Mining.     By  George 

Cr.  Andr^,  F.G.S.»  Assoc.  Inst.  C.E.,  Member  of  the  Society  of  Engineers. 
With  82  lithographic  plates,    2  vols.,  royal  4to,  cloth,  3/.  I2x. 

A    Practical    Treatise  on   Casting  and  Foundings 

including  descriptions  of  the  modem  machinery  employed  in  the  art.  By 
N.  E.  Sfretson,  Engineer.  Third  edition,  with  92  plates  drawn  to 
scale,  412  pp.,  demy  8vo,  doth,  i8r. 

The  Depredation  of  Factories  and  their  Valtiaiion. 

By  EwiNG  Matheson,  M.  Inst.  C.E.    8vo,  cloth,  dr. 

A  Handbook  of  Electrical  Testing.    By  H.  R.  Kempe, 

M.S.T.K    Fourth  edition,  revised  and  enlarged,  crown  8vo,  doth,  idf. 

Gas  Works :  their  Arrangement,  Construction,  Plant, 

and  Machinery.  By  F.  Colyer,  M.  Inst  C.E.  With  -^x  folding pltUes^ 
8vo,  doth,  24r. 

The  Clerk  of  Works:  a  Vade-Mecum  for  all  engaged 

in  the  Superintendence  of  Building  Operations.  By  G.  G.  HOSKINS, 
F.ILI.B.A.    Third  edition,  fcap.  8vo,  cloth,  is,  6d, 

American  Foundry  Practice:    Treating  of  Loam, 

Dry  Sand,  and  Green  Sand  Moulding,  and  containing  a  Practical  Treatise 
upon  the  Management  of  Cupolas,  and  the  Melting  of  Iron.  By  T.  D. 
West,  Practical  Iron  Moulder  and  Foundry  Foreman.  Second  edition, 
7vith  numerotts  illustrations^  crown  8vo,  cloth,  I  or.  dd. 

The  Maintenance  of  Macadamised  Roads ^     By  T. 

CoDRiNOTON,  M.I.C.E,  F.G.S.,  General  Superintendent  of  County  Roads 
for  South  Wales.    8vo,  cloth,  6j. 

Hydraulic  Steam  and  Hand  Power  Lifting  and 

Pressing  Machinery,  By  Frederick  Colyer,  M.  Inst  C.E.,  M,  Inst  M.E. 
With  11  plates,  8vo,  cloth,  18/. 

Pumps  and  Pumping  Machinery.      By  F.  Colyer, 

M.I.C.E.,  M.I.M.E.     With  21  folding  plates,  8vo,  doth,  I2J.  6</. 

Pumps  and  Pumping  Machinery.     By  F.  Colyer. 

Second  Part.    With  11  large  plates,  8vo,  cloth,  I2j.  td. 

A  Treatise  on  the  Origin,  Progress,  Prevention,  and 

Cure  of  Dry  Rot  in  Timber;  with  Remarks  on  the  Means  of  Preserving 
Wood  from  Destruction  by  Sea- Worms,  Beetles,  Ants,  etc  By  Thomas 
Allen  Britton,  late  Surveyor  to  tfce  Metropolitan  Board  of  Works, 
etc.,  etc.     With  ro  plates,  crown  8vo,  doth,  is.  6//. 
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The  Municipal  and  Sanitary  Engineer's  Handbook. 

By  H.  Percy  Boulnois,  Mem.  Inst.  C.E.,  Borough  Engineer,  Ports- 
mouth.    With  numerous  iilustrationSf  demy  8to,  clothf  I2s,  6d, 

Contents  : 

The  AppotQtment  and  Duties  ot  the  Town  Suxreyor — ^Traffic — Macadamised  Roadways^ 
Steam  Rolkftg— Road  Metal  and  Breaking— Pitched  Pavements— Asphalte — ^Wood  Pavements 
—Footpaths — Kerbs  and  Gutter*— Street  Naming  and  Numbering— Street  Lighting — Sewer- 
age — ^Ventilation  of  Sewers— Disposal  of  Sewage— House  Drainage — Disinfection— Gas  and 
Water  Com]>anies,  etc..  Breaking  up  Streets — Improvement  of  Private  Streets — Borrowing 
Powers — Artisans'  and  Labourers^  Dwellings— Public  Conveniences — Scavenging,  including 
Street  Cleanang— Watering  and  the  Removing  of  Snow— Planting  Street  Trees— Deposit  of 
Plans — Dangerous  Buildbgs— ^Hoardings— OKtructions — Improvmg  Street  Lines — Cellar 
Openings— Public  Pleasure  Groundfr— Cemeteries — Mortuaries — Cattle  and  Ordinary  Markets. 
— Publii:  Slaughter-houses,  etc.— Giving  numerous  Forms  of  Notices,  Specifications,-  and 
General  Information  upon  these  and  other  subjects  of  great  importance  to  Municipal  Engi- 
neers amd  others  engaged  in  Sanitary  Work. 

Metrical  Tables.     By  G.  L.  Molesworth,  M.I.C.E. 

32mo,  cloth,  IX.  td,  * 

Contents. 

General— 'Linear  Measures— Square  Measures — Cubic  Measures— Measures  of  Capacity<— 
Weights — Combinations— Thermometers. 

Elements  of  Construction  for  Electro-Magnets,     By 

Count  Th.  Du  Moncel,  Mem.  de  Tlnstitnt  de  France.  Translated  from 
the  French  by  C.  J.  Wharton.    Crown  8vo,  cloth,  4/.  dd. 

Practical  Electrical  Units  Popularly  Explained,  with 

nunierous  illustrations  and  Remarks.  By  James  Swinburne,  late  of 
J.  W.  Swan  and  Co.,  Paris,  late  of  Brush-Swan  Electric  Light  Company, 
U.S.A.     i8mo,  cloth,  ix.  6^. 

A  Treatise  on  the  Use  of  Belting  for  the  Trafismis- 

tion  of  Pover,  By  J.  H.  Cooper.  Second  edition,  illustraled,  8vo, 
cloth,  15/. 

A  Pocket-Book  of  Useful  Formula  and  Memoranda 

for  Civil  and  Mechanical  Engineers.  By  Guilford  L.  Molesworth, 
Mem.  Inst.  C.E.,  Consulting  Engineer  to  the  Government  of  India  for 
State  Railways.  With  numerous  illustrations^  744  pp.  Twenty-second 
edition,  revised  and  enlarged,  32mo,  roan,  ds. 

Synopsis  of  Contents: 

Surveying,  Levelling,  etc.— Strength  and  Weight  of  Materials— Earthwork,  Brickwork, 
Masonry,  Arches,  etc.— Struts,  Columns,  Beams,  and  Trussed—Flooring,  Roofing,  and  Roof 
Trusses— Girders,  Bridgeit,  etc— Railways  and  Roads — Hydraulic  Formulae— Canab,  Sewers, 
Waterworks,  Docks— Irrigation  and  Breakwaters— Gas,  Ventilation,  and  Warmine— Heat. 
Light,  Colour,  and  Sound— Gravity :  Centres,  Forces,  and  Powers — Millworic,  Teeth  of 
Wheeb,  Shaftm^,  etc.— Workshop  Recipes— Sondry  Machinery— Animal  Power— Steam  and 
the  Steam  Engine— Water-power,  Water-wheels,  Turbines,  etc. — ^Wind  and  Windmills- 
Steam  Navigation,  Ship  Building,  Tonnage,  etc. — Gunnery,  Projectiles,  etc.— Weights, 
Measures,  and  Money^Trigonometry,  Come  Sections,  and  Curve»^Telegraphy— Mensura- 
tion—TaUes  of  Areas  and  Circumference,  and  Arcs  of  Circles— Logarithms,  Square  and 
Cube  Roots,  Powers — Reciprocals,  etc. — Useful  NumbersF-Differential  and  Integral  Calcu- 
lus'—Algebraic Signs— Telegraphic  Construction  and  Formube. 
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Hints  on  Architectural  Draughtsmanship.    By  G.  W. 

TuxFORD  Hallatt.    Fcap.  8vo,  cloth,  i/.  (td. 

Spans     Tables    and   Memoranda   for    Engineers; 

selected  and  arranged  by  J.  T.  HuRST,  C.E.,  Author  of  'Architectural 
Siuireyors*   Handbook/  •  Hurst's    Tredgold's  Carpentry,'  etc      Ninth 
edition,  64010,  roan,  gilt  edges,  ix. ;  or  in  cloth  case,  ix.  6^.  ^ 
This  work  is  printed  in  a  pearl  type,  and  is  so  small,  measuring  only  ai  in.  by  i|  in.  by 
I  in.  thick,  that  it  may  be  easfly  earned  in  the  waistcoat  podcet. 

"  It  is  certainly  an  extremely  rare  thing  for  a  reviewer  to  be  called  upon  to  notice  a  volume 
measuring  but  a^  m.  by  i(  in.,  yet  these  dimensions  faithfully  rraresent  the  sixe  of  the  handv 
little  book  before  us.  The  volume— 'which  contains  118  printed  pages,  besides  a  few  blank 
pages  for  memoranda — is,  in  fact,  a  true  pocket-book,  adapted  for  being  carried  in  the  waist- 
coat pocket,  and  containing  a  far  greater  amount  and  variety  of  information  than  most  people 
would  imagine  could  be  compressed  into  so  small  a  space.  ....  The  little  volume  has  been 
compiled  with  considerable  care  and  judgment,  and  we  can  cordially  recommend  it  to  our 
readers  as  a  useful  little  pocket  companion. ''•-•£«^Vi/rrM^. 

A    Practical   Treatise  on   Natural  and  Artificial 

Concrete^  its  Varieties  and  Constructive  Adaptations,  By  Henry  Rkid, 
Author  of  the  '  Science  and  Art  of  the  Manufacture  of  Portland  CemenL' 
New  Edition,  with  59  woodcuts  and  5  plates^  8vo,  cloth,  15X. 

Notes  on  Concrete  and  Works  in  Concrete;  especially 

written  to  assist  those  engaged  upon  Public  Works.  By  John  Newman, 
Assoc.  Mem.  Inst  C.E.,  crown  8vo,  cloth,  41.  6^. 

Electricity  as  a  Motive  Power.     By  Count  Th.  Du 

Moncrl,  Membre  de  I'lnstitut  de  France,  and  Frank  Geraldy,  Inge- 
nieur  des  Pontset  Chauss^es.  Translated  and  Edited,  with  Additions,  by 
C.  J.  Wharton,  Assoc  Soc.  TeL  Eng.  and  Elec  With  113  engravings 
and  diagrams^  crown  8vo,  cloth,  7x.  6?. 

Treatise  on  Valve-Gears,  with  special  consideration 

of  the  Link-Motions  of  Locomotive  Engines.  By  Dr.  GusTAV  Zeuner, 
Professor  of  Applied  Mechanics  at  the  Confederated  Polytechnikum  of 
Zurich.  Translated  from  the  Fourth  German  Edition,  by  Professor  J.  F. 
Klein,  Lehigh  University,  Bethlehem,  Pa.  Illmtrated,  8vo,  cloth,  izs,  6d. 

The    French' Polishers  Manual.      By  a    French- 

Polisher;  containing  Timber  Staining,  Washing,  Matching,  Improving, 
Painting,  Imitations,  Directions  for  Staining,  Sizing,  Embodying, 
Smoothing,  Spirit  Varnishing,  French-Polishing,  Directions  for  Re- 
polishing.    Third  edition,  royal  32mo,  sewed,  6d. 

Hops,   their   Cultivation,    Commerce,   and    Uses  in 

various  Countries.    By  P.  L.  SiMMONDS.    Crown  8vo,  cloth,  41.  6</. 

The  Principles  of  Graphic  Statics.      By   George 

Sydenham  Clarke,  Capt.  Royal  Engineers.  With  112  ilhtstraUons, 
4to,  cloth,  I2J.  td. 
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Dynamo-Electric  Machinery :  A  Manual  for  Students 

of  Electro-technics.  By  Silvanus  P.  Thompson,  B.A.,  D.Sc.,  Professor 
of  Experimental  Physics  in  University  College,  Bristol,  etc.,  etc.  Third 
edition,  illusiraUd,  8vo,  doth,  i6s. 

Practical   Geometry^    Perspective^   and  Engineering 

Drawing;  a  Course  of  Descriptive  Geometry  adapted  to  the  Require- 
ments of  the  Engineering  Draughtsman,  including  the  determination  of 
cast  shadows  and  Isometric  Projection,  each  chapter  being  followed  by 
cumerous  examples ;  to  which  are  added  rules  for  Shading,  Shade-lining, 
etc.,  together  with  practical  instructions  as  to  the  Lining,  Colouring, 
Printing,  and  general  treatment  of  Engineering  Drawings,  with  a  chapter 
on  drawing  Instruments.  By  George  S.  Clarke,  Capt.  R.E.  Second 
edition,  with  21  plaUs,    2  vols.,  cloth,  lOf.  6^. 

The  Elements  of   Graphic  Statics.     By  Professor 

Karl  Von  Ott,  translated  from  the  German  by  G.  S.  Clarke,  CapL 
R.E.,  Instructor  in  Mechanical  Drawing,  Royal  Indian  Engineering 
College.     With  93  illustrations^  crown  8vo,  cloth,  Jj. 

A  Practical  Treatise  on  the  Manufacture  and  Distri* 

bution  of  Coal  Gas,  By  William  Richards.  Demy  4to,  with  numerous 
wood  engravings  and  29  plates^  cloth,  2&r. 

Synopsis  of  Contents: 

Introduction— History  of  Gas  Lighting— Chemisbry  of  Gas  Manufacturt,  by  Lewis 
Thompson,  Esq..  M.R:C.S.— Coal,  with  Analyses,  by  J.  Paterson,  Lewis  Tliompeon,  and 
G.  R.  Hislop,  Esqrsd — Retorts,  Iron  and  CUy — ^Retort  Setting— Hydraulic  Main— -Con- 
densers—Eznausters— Washers  and  Scrubbers— Purifiers— Purification  — History  of  Gas 
Holder— Tanks,  Brick  and  Stone,  Composite,  Concrete,  Cast-iron,  Compound  Annular 
Wrought-iron  — Specifications— Gas  Holders  —  Station  Meter— Governor  — Distribution— 
Mains— Gas  Mathematics,  or  Formulae  for  the  Distribution  of  Gas,  bv  Lewis  Thompson,  £s(^.-* 
Services— Consumers'  Meters — Regulatorsr^Bumezs— Fittinga-^Photometer— Carburixation 
of  Gas— Air  Gas  and  Water  Gas-K^omposition  of  Coal  Gas,  by  Lewis  Thompson,  Esq.- 
Analyses  of  Gas— Influence  of  Atmospheric  Plressure  and  Temperature  on  Gas— Residual 
Products— Appendix— Description  of  Retort  Settings,  Buildings,  etc.,  etc. 

The  New  Formula  for  Mean  Velocity  of  Discharge 

of  Rivers  and  Canals,  By  W.  R.  K  UTTER.  Translated  from  articles  in 
the  *  Cultur-Ing6nieur,'  by  Lowis  D*A.  Jackson,  Assoc  Inst  C.E. 
8vo,  cloth,  I2J.  td. 

The  Practical  Millwright  and  Engineers    Ready 

Reckoner;  or  Tables  for  finding  the  diameter  and  power  of  cog-wheels, 
diameter,  weight,  and  power  of  shafts,  diameter  and  strength  of  bolts,  etc 
By  Thomas  Dixon.    Fourth  edition,  i2mo,  doth,  3/. 

Thi:    Describing  the   Chief  Methods  of  Mining, 

Dressing  and  Smelting  it  abroad  ;  with  Notes  upon  Arsenic,  Bismuth  and 
Wolfram,  ^y  Arthur  G.  Charleton,  Mem.  American  lost,  of 
Mining  Engineers.     With  plates^  8vo,  cloth,  i%s,  6d, 
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Perspective^  Explained  and  Illustrated.     By  G.  S. 

Clarke,  Capt  R.£.     With  Ulustraiions^  8vo,  cloth,  y,  6d, 

Practical  Hydraulics ;  a  Series  of  Rules  and  Tables 

for  the  use  of  Engineers,  etc^  etc  By  Thomas  Box.  Fifth  edition, 
numerous  plates^  post  8vo,  cloth,  5^. 

The  Essential  Elements  of  Practical  Mechanics; 

hosed  on  the  Principle  of  fVbrh,  designed  for  Engineering  Students.  By 
Oliver  Byrne,  formerly  Professor  of  Mathematics,  College  for  CivU 
Engineers.  Third  edition,  toith  148  wood  engravings,  post  8vo,  doth, 
7x.  6d. 

Contents  : 

Chap.  J.  How  Work  is  Measured  by  a  Unit,  both  with  and  without  reference  to  a  Unit 
of  Time— Chap.  2.  The  Work  of  Living  Agents,  the  Influence  of  Friction,  and  introduces 
one  of  the  most  beautiful  Laws  of  Motion — Chap.  3.  The  princi^es  expoundol  in  the  fint  and 
second  chapters  are  applied  to  the  Motion  of  Bodies — Chap.  4.  The  Transmission  of  Work  by 
simple  Madunes— Chap.  5.  Useful  Propositions  and  Rules. 

Breweries  and  Mailings  :  their  Arrangement,  Con- 
struction, Machinery,  and  Plant.  By  G.  Scamell,  F.R.I.B.A.  Second 
edition,  revised,  enlarged,  and  partly  rewritten.  By  F.  Colyer,  M.I.C.E., 
M.I.M.E.     IViih  20  plates,  8vo,  cloth,  l8j. 

A  Practical  Treatise  on  the  Construction  of  Hori- 

sontal  and  Vertical  fVaterwheelSf  specially  designed  for  the  use  of  opera- 
tive mechanics.  By  William  Cullen,  Millwright  and  Engineer.  IVilh 
II  plates.    Second  edition,  revised  and  enlarged,  small  4to,  doth,  12s,  6d. 

A  Practical  Treatise  on  Mill-gearings  Wheels,  Shafts, 

Riggers,  etc;  for  the  use  of  Engineers.  "By  Thomas  Box.  Third 
edition,  with  11  plates.    Crown  8vo,  doth,  7/.  6d, 

Mining  Machinery:  a  Descriptive  Treatise  on  the 

Machinery,  Tools,  and  other  Appliances  used  in  Mining.  By  G.  G. 
Andr^,  F.G.S.,  Assoc.  Inst  C.E.,  Mem.  of  the  Society  of  Engineers. 
Royal  4to,  uniform  with  the  Author's  Treatise  on  Coal  Mining,  con- 
taining 182  plates,  accurately  drawn  to  scale,  with  descriptive  text,  in 
2  vols*,  cloth,  3/.  12/. 

Contents : 

Machinery  for  Prospecting,  Excavating,  Hauling,  and  Hoisting— Ventilation— Pumping— 
Treatment  of  Mineral  Products,  including  Gold  and  Silver,  Copper,  Tin,  and  Lead,  Iron 
Coal,  Sulphur,  China  Clay,  Brick  Earth,  etc. 

Tables  for  Setting  out  Curves  for  Railways,  Canals, 

Roads,  etc,  varying  from  a  radius  of  five  chains  to  three  miles.  By  A. 
Kennedy  and  R.  \Y.  Hackwood.    Illttstrated,  32mo,  doth,  2/.  6d, 
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714^  Science  and  Art  of  the  Manufacture  of  Portland 

CemaUy  with  observations  on  some  of  its  constructive  applications.  With 
66  illustrations.  By  Henry  Rbid,  C.E.,  Author  of  *A  Practical 
Treatise  on  Concrete,'  etc,  etc.    8vo,  cloth,  i8j. 

The  Draughtsman  5  Handbook  of  Plan  and  Map 

Drawing;  including  instructions  for  the  preparation  of  Engineering, 
Architectural,  and  Mechanical  Drawings.  With  numerous  illustrations 
in  the  text,  and  33  plates  (15  printed  in  colours).  By  G.  G.  Andr^, 
F.G.S.,  Assoc.  Inst.  C.E.    4to,  cloth,  9/. 

Contents: 

The  Drawing  Office  and  its  Furnishings— Geometrical  Problems — Lines,  Dots,  and  their 
Combinations— <^oIoiirs.  Shading,  Lettering,  Bordering,  and  North  Points — Scales — Plotiuig 
—Civil  Engineers'  and  Surveyors'  Plans^-Map  Drawing— Mechanical  and  Architectural 
Drawing— Copying  and  Reducing  Trigonometrical  Formuls,  etc.,  etc. 

The  Boiler-maker  s  andiron  Ship-builders  Companion, 

comprising  a  series  of  original  and  carefully  calculated  tables,  of  the 
utmost  utility  to  persons  interested  in  the  iron  trades.  By  James  Foden, 
author  of  '  Mechanical  Tables,'  etc.  Second  edition  revised,  with  illustro' 
tionsj  crown  8vo,  cloth,  5/. 

Rock  Blasting:  a  Practical  Treatise  on  the  means 

employed  in  Blasting  Rocks  for  Industrial  Purposes.  By  G.  G.  Andr^, 
F.G.S.,  Assoc.  Inst  C.E.  With  56  illustrations  and  12  plates,  8vo,  cloth, 
los,  6d, 

Painting  and  Painters'  Manual:  a  Book  of  Facts 

for  Painters  and  those  who  Use  or  Deal  in  Paint  Materials.  By  C.  L. 
CoNDiT  and  J.  Scheller.    Illustrated,  8vo,  doth,  lor.  6d, 

A  Treatise  on  Ropemaking  as  practised  in  public  and 

private  Rope-yards,  with  a  Description  of  the  Manufacture,  Rules,  Tables 
of  Weights,  etc.,  adapted  to  the  Trade,  Shipping,  Mining,  Railways, 
Builders,  etc.  By  R.  Chapman,  formerly  foreman  to  Messrs.  Huddait 
and  Co.,  Limehouse,  and  late  Master  Ropemakec  to  H.M.  Dockyard, 
Deptford.    Second  edition,  i2mo,  cloth,  3/. 

Laxtofis  Builders  and  Contractors   Tctbles ;   for  the 

use  of  Engineers,  Architects,  Surveyors,  Builders,  Land  Agents,  and 
others.  Bricklayer,  containing  22  tables,  with  nearly  30,000  calculations. 
4to,  cloth,  5/. 

Laxtons  Builders'  and  Contractors^  Tables.  Ex- 
cavator, Earth,  Land,  Water,  and  Gas,  containing  53  tables,  with  nearly 
24,000  calculations.    410,  cloth,  ^s. 


I  a  CATALOGUE  OF  SCIENTIFIC  BOOKS 


Egyptian  Irrigation.    By  W.  Willcocks,  M.I.C.E., 

Indian  Public  Works  Department,  Inspector  of  Irrigation,  Egypt.     With 
Introduction   by   Lieut.-Col.  J.   C.    Ross,    R.E.,   Inspector-General  of 
Irrigation.     With  numerous  lithographs  and  ivood  engravings^  royal  8yo, 
.cloth,  l/.  I  dr. 

Screw  Cutting  Tables  for  Engineers  and  Machinists  y 

giving  the  values  of  the  different  trains  of  Wheels  required  to  produce 
Screws  of  any  pitch,  calculated  by  Lord  Lindsay,  M.P.,  F.R.S.,  F.R.A.S., 
etc    Cloth,  oblong,  2j. 

Screw   Cutting   Tables^  for  the  use  of  Mechanical 

Engineers,  showing  the  proper  arrangement  of  Wheels  for  cutting  the 
Threads  of  Screws  of  any  required  pitch,  with  a  Table  for  making  the 
Universal  Gas-pipe  Threads  and  Taps.  By  W.  A.  Martin,  Engineer. 
Seoond  edition,  oblong,  cloth,  u.,  or  sewed,  6^. 

A  Treatise  on  a  Practical  Method  of  Designing  Slide- 

Valve  Gears  by  Simple  Geometrical  Construction^  based  upon  the  principles 
enunciated  in  Euclid's  Elements,  and  comprising  the  various  forms  of 
Plain  Slide- Valve  and  Expansion  Gearing ;  together  with  Stephenson's, 
Gooch*s,  and  Allan's  Link-Motions,  as  applied  either  to  reversing  or  to 
variable  expansion  combinations.  By  Edward  J.  Cowling  Welch, 
Memb.  Inst.  Mechanical  Engineers.    Crown  8vo,  cloth,  dr. 

Cleaning  and  Scouring :  a  Manual  for  Dyers,  Laun- 
dresses, and  for  Domestic  Use.    By  S.  Christopher.    i8mo,  sewed,  6d. 

A    Glossary  of  Terms  used  in  Coal  Mining*      By 

William  Stukelky  Gresley,  Assoc  Mem.  Inst  C.E.,  F.G.S.,  Member 
of  the  North  of  England  Institute  of  Mining  Engineers.  Illustrated  zntA 
numerous  woodcuts  and  diagrams^  crown  8vo,  cloth,  5x. 

A  Pocket-Book  for  Boiler  Makers  and  Steam  Users, 

comprising  a  variety  of  useful  information  for  Employer  and  Workman, 
Government  Inspectors,  Board  of  Trade  Surveyors,  Engineers  in  charge 
of  Works  and  Slips,  Foremen  of  Manufactories,  and  the  general  Steam- 
using  Public.  By  Maurice  John  Sexton.  Second  edition,  royal 
32mo,  toan,  gilt  edges,  5x. 

Electrolysis:    a    Practical    Treatise    on    Nickeling, 

Coppering,  Gilding,  Silvering,  the  Refining  of  Metals,  and  the  treatment 
of  Ores  by  means  of  Electricity.  By  FIippolvte  Fontaine,  translated 
from  the  French  by  J.  A.  Berlv,  C.F«,  Assoc.  S,T.E.  With  engravings, 
8vo,  cloth,  9f.  ' 
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Barlows   Tables  of  Squares^   Cubes,  Square  Roots, 

Cube  Roots^  Reciprocals  of  all  Integer  Numbers  up  to  10,00a  Post  8vo, 
cloth,  dr. 

A  Practical  Treatise  on  the  Steam  Engine,  con- 
taining Plans  and  Arrangements  of  Details  for  Fixed  Steam  Engines, 
with  Essays  on  the  Principles  involved  in  Design  and  Construction.  By 
Arthur  Rigg,  Engineer,  Member  of  the  Society  of  Engineers  and  of 
the  Royal  Institution  of  Great  Britain.  Demy  4to,  copiously  illustrated 
with  woodcuts  and  96  plates,  in  one  Volume,  half-bound  morocco,  2/.  2x. ; 
or  cheaper  edition,  cloth,  25J-. 

This  work  is  not.  In  any  sense,  an  elementary  treatise,  or  history  of  the  steam  engine,  but 
Is  intended  to  describe  examples  of  Fixed  Steam  Engines  without  entering  into  the  wide 
domain  of  locomotive  or  marine  practice.  To  this  end  illustrations  will  be  given  of  the  most 
recent  arrangements  of  Horizontal,  Vertical,  Beam,  Pumping,  Winding,  Portable,  Semi- 
portable,  Corliss,  Allen,  Compound,  and  other  similar  Engines,  by  the  most  eminent  Firms  in 
Great  Britain  and  America.  The  laws  relating  to  the  action  and  precautions  to  be  observed 
in  the  construction  of  the  various  details,  such  as  Cylinders,  Pistoa<«.  Piston-rods,  Connecting- 
rods,  Cross-heads,  Motion* blocks,  EU:centrics,  Simple,  Expansion,  Balanced,  and  Equilibrium 
Slide«valves,  and  Valve^earing  will  be  minutely  dealt  with.  In  this  connection  will  be  found 
articles  upon  the  Velocity  of  Reciprocating  Parts  and  the  Mode  of  Applying  the  Indicator, 
Heat  and  Expansion  of  Steam  Governors,  and  the  like.  It  is  the  writer's  desire  to  draw 
illustrations  from  every  possible  source,  and  give  only  those  rules  that  present  practice  deems 
correct. 

A  Practical  Treatise  on  the   Science  of  Land  and 

Engineering  Surveying,  Levelling,  Estimating  Quantities,  etc.,  with  a 
general  description  of  the  sevend  Instruments  required  for  Surveying, 
Levelling,  Plotting,  etc.  By  H.  S.  Merrett.  Fourth  edition,  revis^ 
by  G.  W.  UsiLL,  Assoc.  Mem.  Inst.  C.E.  41  plates,  with  illustrations 
and  tables,  royal  8vo,  cloth,  lis,  6d» 

Principal  Contents  : 

Part  z.  Introduction  and  the  Principles  of  Geometry.  Part  a.  land  Surveying ;  com- 
prising General  Observations— The  Chain— Offsets  Surveying  by  the  Chain  onl;^>— Surveying 
Hilly  Ground — ^To  Survey  an  Estate  or  Parish  by  the  Chain  only — Surveymg  wiih  the 
Theodolite— Mining  and  Town  Surveying— Railroad  Surveying— Mapping— Division  and 
Laying  out  of  Land— Observations  on  Enclosures — Plane  Trigonometry.  Part  3.  Levelling^ 
Simple  and  Compound  LeveUlng^The  Level  Book — Paritamentary  Plan  and  Section-^^ 
Levelling  with  a  fheodolite — Gradients— Wooden  Curves— To  Lay  out  a  Railway  Curve- 
Setting  out  Widths.  Part  4.^  Calculating  Quantities  generally  for  Estimates — Cuttings  and 
Embankments — Tunnels— Brickwork — Ironwork—Timber  Measuring.  Part  5.  Description 
and  Use  of  Instruments  in  Surveying  and  Plotting— The  Improved  Dumpy  LeveJ— Troughton's 
Level  — The  Prismatic  Compass  —  Proportional  Compass— Box  Sextant— Vernier — Panta- 
grapii — Merrett's  Improved  Quadrant — Improved  Computation  Scale— The^  Diagonal  Scale- 
Straight  Edge  and  Sector.  Part  6.  Logarithms  01  Numbers  — Logarithmic  Sines  and 
Co-Sines,  Tangents  and  Co-Tangents — Natural  Sines  and  Co-Sines— Tables  for  Earthwork, 
for  Setting  out  Curves,  and  for  various  Calculations,  etc.,  etc.>  etc. 

Health  and  Comfort  in  House  Building,  or  Ventila- 
tion with  Warm  Air  by  Self-Aeting  Suction  Power,  with  Review  of  the 
mode  of  Calculating  the  Draught  in  Hot- Air  Flues,  and  with  some  actual 
Experiments.  By  J.  Drysdale,  M.D.,  and  J.  W.  IIayward,  M.D. 
Second  edition,  with  Suj>plement,  with  plates^  deiny  8vo,  cloth,  is,  6d, 
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The  Assayers  Manual:    an  Abridged  Treatise  on 

the  Docimastic  Examination  of  Ores  and  Furnace  and  other  Artificial 
Products.  By  Bruno  Kerl.  Translated  by  W.  T.  Brannt.  With  65 
illusirationst  8vo,  cloth,  I2J.  6d, 

Dynamo-  Electric    Machinery:    a    Text -Book    for 

Students  of  Electro-Technology.  By  Silvanus  P.  Thompson,  B.A., 
D.Sc,  M.S.T.E.    Third  Edition,  revised  and  enlarged,  8vo,  cloth,  i6x. 

The  Practice  of  Hand  Turning  in  JVood,  Ivory,  Shell, 

etc,y  with  Instructions  for  Turning  such  Work  in  Metal  as  may  be  required 
in  the  Practice  of  Turning  in  Wood,  Ivory,  etc ;  also  an  Appendix  on 
Ornamental  Turning.  (A  book  for  beginners.)  By  Francis  Campin. 
Third  edition,  with  wood  engravings,  crown  8vo,  cloth,  6x. 

Contents  : 

On  Lathes—Turning  Tools— Turning  Wood-'Drining— Screw  Cutting— Miscellaneous 
Apparatus  and  Processes — ^Turning  Particular  Forms— Staining— Polishing-Spiniiing  Metals 
— Materials — Ornamental  Turning,  etc 

Treatise  on  Watchwork,  Past  and  Present.     By  the 

Rev.  H.  L.  Nelthropp,  M.A.,  F.S.A.  With  32  illustrations,  crown 
8vo,  cloth,  6x.  td. 

Contents  : 

Definitions  of  Words  and  Terms  used  in  Watchwork— Tools — ^Time— Historical  Sum- 
mary—On  Calculations  of  the  Numbers  for  Wheels  and  Pinions ;  their  Pio^rtional  Sizes, 
Trams,  etc.— Of  Dial  Wheels,  or  Motion  Work— Length  of  Time  of  Going  without  Winding 
up— The  Verge— The  Horizontal— The  Duplex— The  Lever— The  Chronometer— Reneating 
Watches— Keyless  Watches^— The  Pendulum,  or  Spiral  Spring — Compensation — Jewelling  of 
Pivot  Holes— Clerkenwell — Fallacies  of  the  Trade — Incapacity  of  Woikmen^How  to  Choose 
and  Use  a  Watch,  etc. 

Algebra   Self-Taught.      By  W.    P.    Higgs,    M.A., 

D.Sc,  LL.D.,  Assoc.  Inst  C.E.,  Author  of  *  A  Handbook  of  the  Diflfer- 
ential  Calculus,'  etc.    Second  edition,  crown  8vo,  cloth,  2J.  dd. 

Contents : 

Symbols  and  the  Signs  of  Operation— The  Equation  and  the  Unknown  Quantity- 
Positive  and  Negative  Quantities — Multiplication— Involution— Exponents — Negative  Expo- 
nents— Roots,  and  the  Use  of  Exponents  as  Logarithms — L<»arithms — ^Tables  of  Logarithms 
and  Proportionate  Parts— Transformation  of  System  of  Logarithms — Common  Uses  of 
Common  Logarithms — Compound  Multiplication  and  the  Binomial  Theorem — Division, 
Fractions,  and  Ratio — Continued  Proportion— ^The  Series  and  the  Summation  of  the  Series- 
Limit  of  Series— Square  and  Cube  Roots^Equations — List  of  FormuUej  etc 

Spons*  Dictionary  of  Engineering,  Civil,  Mechanical, 

Military t  and  Naval;  with  technical  terms  in  French,  German,  Italian, 
and  Spanish,  3100  pp.,  and  nearly  8000  engravings,  in  super-royal  8vo, 
in  8  divisions,  5/.  &r.  Complete  in  3  vols.,  cloth,  5/.  5/.  Bound  in  a 
superior  manner,  half-morocco,  top  edge  gilt,  3  vols.,  6/.  izs. 


PUBLISHED  BY  R  &  F.  N.  SPON.  15 


Notes  in  Mechanical  Engineering.  Compiled  prin- 
cipally for  the  use  of  the  Students  attending  the  Classes  on  this  subject  at 
the  City  of  London  College.  By  Henry  Adams,  Mem.  Inst.  M.E., 
Mem.  Inst.  C.E.,  Mem.  Soc  of  Engineers.    Crown  8vo,  cloth,  2x.  dd. 

Canoe  and  Boat  Building:   a  complete  Manual  for 

Amateurs,  containing  plain  and  comprehensive  directions  for  the  con- 
struction of  Canoes,  Rowing  and  Sailing  Boats,  and  Hunting  Craft. 
By  W.  P.  Stephens.  With  numerous  illustratwns  and  24  plates  of 
\Vorking  Drawings.     Crown  8vo,  cloth,  is,  6d, 

Proceedings  of  the  National  Conference  of  Electricians^ 

Philadelphia,  October  8th  to  13th,  1884.     i8mo,  cloth,  ^, 

Dynamo  -  Electricity,    its    Generation,    Application, 

Transmission,  Storage,  and  Measurement  By  G.  B.  Prescoit.  With 
545  illustrations,     8vo,  cloth,  i/.  u. 

Domestic  Electricity  for  Amateurs.    Translated  from 

the  French  of  E.  Hospitalier,  Editor  of  "LElectricien,"  by  C.  J. 
Wharton,  Assoc.  Soc.  Tel.  Eng.  Nunurous  illustrations.  Demy  8vo, 
cloth,  9^. 

COMTBNTS : 

I.  Productionof  the  Electric  Current— 2.  Electric  BelU — i.  Automatic  Alarms —4.  Domc^ic 
Telephones— 5.  Electric  Clocks—6.  Electric  Lighters— 7.  Domestic  Electric  Lichting— 
8.  Domestic  Application  of  the  Electric  Light— 9.  Electric  Motors— 10.  Electrical  Locomo- 
lion-- IX.  Elecirotyping,  Plating,  and  Gilding— la.  Electric  Recreations— 13.  Various  appli- 
cations—Workshop of  the  Electrician. 

Wrinkles  in  Electric  Lighting.    By  Vincent  Stephen. 

With  illustrations,     i8mo,  cloth,  2s,  6d, 

CONTKNTS: 

1.  The  Electric  Current  and  its  produaion  by  Chemical  meaua^.  Production  of  Electric 
Currents  by  Mechanical  means— 3.  Dynamo-Electric  Machines— 4.  Electric  Lamps— 
5.  Lead— 6.  Ship  Lighting. 

The  Practical  Flax  Spinner ;  being  a  Description  of 

the  Growth,  Manipulation,  and  Spinning  of  Flax  and  Tow.  By  Leslie 
C.  Marshall,  of  Belfast.     With  illustrations,    8vo,  cloth,  15/. 

Foundations  and  Foundation  Walls  for  all  classes  of 

Buildings^  Pile  Driving,  Building  Stones  and  Bricks,  Pier  and  Wall 
construction.  Mortars,  Omes,  Cements,  Concretes,  Stuccos,  &c.  64  illus' 
trations.    By  G.  T.  Powell  and  F.  Bauman.    8vo,  cloth,  los.  6d, 


i6  CATALOGUE  OF  SCIENTIFIC  BOOKS 


Manual  for  Gas  Engineering  Students.    By  D.  Lee. 

i8mo,  cloth  ij. 

Hydraulic  Machinery,  Past  and  Present,    A  Lecture 

delivered  to  the  London  and  Suburban  Railway  Officials'  Association. 
By  H.  Adams,  Mem.  Inst.  C.E.    Folding  plate,    8vo,  sewed,  is. 

Twenty  Years  with  the  Indicator.    By  Thomas  Pray, 

Jun.,  C.E.,  M.E.,  Member  of  the  American  Society  of  Civil  Engineers. 
2  vols.,  royal  8vo,  cloth,  I2j-.  6^. 

Annual  Statistical  Report  of  the  Secretary  to  the 

Members  of  the  Iron  and  Steel  Association  on  the  Home  and  Foreipi  Iron 
and  Steel  Industries  in  1887,     Issued  March  1888.    8vo,  sewed,  51. 

Bad  Drains^  and  How  to  Test  them ;  with  Notes  on 

the  Ventilation  of  Sewers,  Drains,  and  Sanitary  Fittings,  and  the  Origin 
and  Transmission  of  Zymotic  Disease.  By  R.  Harris  Reeves.  Crown 
8yo,  cloth,  y,  6d, 

Well  Sinking.     The   modern    practice   of  Sinking 

and  Boring  Wells,  with  geological  considerations  and  examples  of  Wells. 
By  Ernest  Spon,  Assoa  Mem.  Inst.  C.E.,  Mem.  Soc.  Eng.,  and  of  the 
Franklin  Inst.,  etc.  Second  edition,  revised  and  enlarged.  Crown  8vo, 
cloth,  los,  6d, 

77ie  Voltaic  Acctwmlator :  an  Elementary  Treatise. 

By  6mile  Reynier.  Translated  by  J.  A.  Berly,  Assoc.  Inst.  E.E. 
fVith  62  illustrations,  8vo,  cloth,  gs. 

List  of  Tests  {Reagents),  arranged  in  alphabetical 

order,  according  to  the  names  of  the  originators.  Designed  especially 
for  the  convenient  reference  of  Chemists,  Pharmacists,  and  Scientists. 
By  Hans  M.  Wilder.    Crown  8vo,  cloth,  4J.  6d. 

Ten    Years    Experience  in    Works  of  Intermittent 

Daivnward  Filtration,  By  J.  Bailey  Denton,  Mem.  Inst  C.E. 
Second  edition,  with  additions.     Royal  8vo,  sewed,  4r. 

A  Treatise  on  tJie  Manufacture  of  Soap  and  Candles, 

Lubricants  and  Glycerin.  By  W.  Lant  Carpenter,  B.A.,  B.Sc.  (late 
of  Messrs.  C.  Thomas  and  Brothers,  Bristol).  With  illustrations.  Crown 
8vo,  cloth,  los,  6d, 
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The  Stability  of  Skips  explaifted  simply,  and  calculated 

by  a  fttiu  Graphic  method.  By  J.  C  Spence,  M.I.N.A.  4(0,  sewed, 
y.  6r/. 

Steam  Makings  or  Boiler  Practice.     By  Charles  A. 

Smith,  C.E.    8vo,  cloth,  lOf.  6(/. 

Contexts; 

I.  The  Nature  of  Heat  and  the  Properties  of  Steam — a.  Combustion.— 3.  Externally  FireH 
Stationaiy  Boilers — ^  Internally  Fired  Stationary  Boilers — 5.  Internally  Fired  Portable 
Locomotive  and  Marine  Botlers--6.  Design,  Construction,  and  Strength  of  Boilers— 7.  Pro- 
portions of  HeatinjE  Surface,  Economic  Evaporation,  Explosions — 8.  Miscellaneous  Boiler.-, 
Choice  of  Boiler  Fittings  and  Aj^wrtenances. 

The  Fireman  s  Guide ;  a  Handbook  on  the  Care  of 

Boilers.  By  T£KNOTX>g,  foreningen  T.  I.  Stockholm.  Translated  from 
the  third  edition,  and  revised  by  Karl  P.  Dahlstrom,  M.E.  Second 
edition.    Fcap.  8vo,  cloth,  2s, 

A   Treatise  on  Modem  Steam  Engines  and  Boilers, 

including  Land  Locomotive,  and  Marine  Engines  and  Boilers,  for  the 
Qse  of  Students.  By  Frederick  Colyer,  M.  Inst.  C.E.,  Mem.  InsL  M.E. 
With  7f>  plaits.    4to,  cloth,  25/. 

CONTBNTS  : 

I.  Introduction— a.  Original  Engines— 3.  Boilers— 4.  Hi^h-Pressure  Beam  Engines — 5. 
Cornish  Beam  £ngines->6.  Horizontal  Engines— ^7.  OsdUating  Engines — 8.  Vertical  HigK- 
Pressure  Engines— 9.  Special  Engines— zo.  Portable  Engines— zi.  Locomotive  Engines-* 
za.  Marine  Engines. 

Steam    Engine    Management;   a   Treatise   on   the 

Working  and  Management  of  Steam  Boilers.  By  F.  Colyer,  M.  Inst. 
C.E.,  Mem.  Inst  M.£.    i8mo,  cloth,  2/. 

Land  Surveying  on  the  Meridian  and  Perpendicular 

System,    By  William  Penman,  C.E.    8vo,  cloth,  %s  6d, 

The    Topographer,   his  Instruments    and   Methods, 

designed  for  the  use  of  Students,  Amateur  Photographers,  Surveyors, 
Engineers,  and  all  persons  interested  in  the  location  and  construction  of 
works  based  upon  Topography.  lUustrated  with  numerotis  plates,  maps, 
and  engravings.    By  Lewis  M.  Haupt,  A.M.    8vo,  cloth,  i&r. 

A  Text'Book  of  Tanning,  embracing  the  Preparation 

of  all  kinds  of  Leather.  By  Harry  R.  Proctor,  P\C.S.,  of  Low  Lights 
Tanneries.     With  illustrations.    Crown  8vo,  cloth,  lor.  (id. 


In  super-royal  Svo^  is68  pp^  t»&k  9400  iUui%rttiio$Ut  in  3  Divisions,  doth,  price  ly.  6^. 

each ;  or  1  Vd.,  cloth,  e/L ;  or  half-morocco,  2/.  8r. 


A    SUPPLEMENT 


TO 


SPONS'  DICTIONARY  OF  ENGINEERING. 

Edited  by  ERNEST  SPON,  Memb.  Soc.  Engineers. 


Abacus,  Counters,  Speed 
Indicators,  and  Slide 
Rule. 

Agricultural  Implements 
and  Machinery. 

Air  Compressors. 

Animal  Charcoal  Ma- 
chinery. 

Antimony. 

Axles  and  Axle-boxes. 

Bam  Machinery. 

Belts  and  Belting. 

Blasting.    Boilers. 

Brakes. 

Brick  Machinery. 

Bridges. 

Cages  for  Mines. 

Calculus,  Differential  and 
IntegraL 

Canals. 

Carpentry. 

Cast  Iron. 

Cement,      Concrete, 
Limes,  and  Mortar. 

Cliimney  Shafts. 

Coal  Cleansing  and 
Washing. 


Coal  Mining. 

Coal  Cutting  Machines. 

Coke  Ovens.    Copper. 

Docks.    Drainage. 

Dredging  Machinery. 

Dynamo  -  Electric  and 
Magneto-Electric  Ma- 
chines. 

Dynamometers. 

Electrical  Engineering, 
Telegraphy,  Electric 
Lighting  and  its  prac- 
ticaldetails,Telephones 

Engines,  Varieties  of. 

Explosives.    Fans. 

Founding,  Moulding  and 
the  practical  woik  of 
the  Foundry. 

Gas,  Manufacture  of. 

Hammers,  Steam  and 
other  Power. 

Meat.    Horse  Power. 

Hydraulics. 

Hydro-geology. 

Indicators.    Iron. 

Lifls,  Hoists,  and  Eleva- 
tors. 


Lighthouses,  Buoys,  and 
Beacons. 

Machine  Tools. 

Materials  of  Construc- 
tion. 

Meters. 

Ores,  Machinery  and 
Processes  employed  to 
Dress. 

Piers. 

Pile  Driving. 

Pneumatic    Transmis- 
sion. 

Pumps. 

Pyrometers. 

Road  Locomotives. 

Rode  brills. 

Rolling  Stock. 

Sanitary  Engineering. 

Shafting. 

Steel. 

Steam  Navvy. 

Stone  Machinery. 

Tramways. 

Well  Sinking. 


London:  E.  &  F.  N.  SPON,  126,  Strand. 

New  York :  12,  Cortlandt  Street. 


NOW    COMPLETE. 

H^UA  fuarfy  i^oo^  iUusiraHons^  in  super-royal  8vo,  in  5  Divisions,  dotb. 
Divisions  i  to  4,  13/.  6^.  each  ;  Division  5, 17/.  6k/.  ;  or  2  vols.,  doth,  £^  lou. 

SPONS'  ENCYCLOPAEDIA 


OPTHB 


INDUSTRIAL  ARTS,  MANUFACTURES,  AND  COMMERCIAL 

PRODUCTS. 

Edited  by  C.  G.  WARNFORD  LOCK,  F.L;S. 

Among,  the  more  ihiportant  of  the  subjects  treated  of,  are  the 
following  :— 


Acids,  207  pp.  220  figs. 
Alcohol,  23  pp.  16  ngs. 
Alcoholic  Liqaors,  I  "^  pp. 
Alkalies,  89  pp.  78  /igs. 
AUojs.  Alnm. 

AsphalL        Assaying. 
Beverages,  89  pp.  29  ngs. 
Blacks. 

Bleaching  Powder,  I5PP> 
Bleaching,  51  pp.  48  ngs. 
Candles,  18  pp.  9  f^. 
Carbon  Bisnlphide. 
Celluloid,  9  pp. 
Cements.      Clay. 
Coal-tar  Products,  44  pp. 

14  figs. 
Coc  )a,  8  pp. 
Coffee,  32  pp.  n  figs. 
Coric,  8  pp*  17  ngs. 
Cotton  Manufactures,  62 

pp.  57  figs. 
Drop,  38  pp. 
Dyeing      and      Calico 

Printing,  28  pp.  9  figs. 
Dyestuffs,  16  pp. 
Electro-Metalluigy,     13 

pp. 
Explosives,  22  pp.  33  figs. 
Feathers. 
Fibrous  Substances,  92 

pp.  79  figs. 
Floor-doth,   16   pp.  21 

figs. 
Food  Preservation,  8  pp. 
Frait,  8  pp. 


Fur,  5  pp. 

Gas,  Coal,  8  pp. 

Gems. 

Glass,  45  pp.  77  figs. 

Graphite,  7  pp. 

Hair,  7  pp. 

Hair  Manufactures. 

Hats,  26  pp.  26  figs. 

Honey.         Hops. 

Horn. 

Ice,  10  pp.  14  figs. 

Indiarubber      Manufac- 
tures, 23  pp.  17  figs. 

Ink,  17  pp. 

Ivory. 

Jute    Manufactures,     1 1 
pp.,  II  figs. 

Knitted     Fabrics  — 
Hosiery,  15  pp.  13  figs. 

Lace,  13  pp.  9  ngs. 

Leather,  28  pp.  31  figs. 

Linen  Manufactures,  16 
pp.  6  figs. 

Manures,  21  pp.  30  figs. 

Matches,  17  pp.  38  figs. 

Mordants,  13  pp. 

Narcotics,  47  pp. 

Nuts,  ID  pp. 

Oils    and    Fatty    Sub- 
stances, 125  pp. 

PainL 

Paper,  26  pp.  23  figs. 

Paraffin,  8  pp.  6  figs. 

Pearl  and  Coral,  8  pp. 

Perfumes,  10  pp* 


Photography,  13  pp.  20 

figs. 
Pigments,  9  pp.  6  figs. 
Pottery,  46  pp.  57  figs. 
Printing  and  Engraving, 

20  pp.  8  figs. 
Rags. 
Resinous    and    Gummy 

Substances,  75  pp.  16 

figs. 
Rope,  16  pp.  17  figs. 
Salt,  31  pp.  23  figs. 
Silk,  8  pp. 
Silk  Manufactures,  9  pp. 

II  figs. 
Skms,  5  pp. 
Small  Wares,  4  pp. 
Soap  and  Glycerine,  39 

pp.  45  figs. 
Spices,  16  pp. 
Sponge,  5  pp. 
Starch,  9  pp.  10  figs. 
Sugar,     155     pp.     134 

ngs. 
Sulphur. 
Tannin,  18  pp. 
Tea,  12  pp. 
Timber,  13  pp. 
Varnish,  15  pp. 
Vinegar,  5  pp. 
Wax,  5  pp. 
Wool,  2  pp. 
Woollen    Manufactures, 

58  pp.  39  figs. 


London:  E.  &  F.  N.  8P0N,  126,  Strand. 

New  York :  Id,  Cortlandt  Street. 


Crown  8vo,  cloth,  with  illustrations,  5^. 

WORKSHOP  RFXEIPTS. 

FIRST  SERIES. 

By  ERNEST   SPON. 


Synopsis  of  Contekts. 

Freezing. 

Fulminates. 

Furniture  Creams,  Oils, 
Polishes,  Lacquers, 
and  Pastes. 

Gilding. 

Glass  Cntting,  Cleaning, 
Frosting,  Drilling, 
Darkening,  Bending, 
Staining,  and  Paint- 
ing. 

Glass  Making. 

Glues. 

Gold. 

Graining. 

Gums. 

Gun  Cotton. 

Gunpowder. 

Horn  Working. 

Indiarubber, 

kmdred  processes. 
Lacquers. 
Lathing. 
Lubricants. 
Marble  Working. 
Matches. 
Mortars. 
Nitro-Glycerine. 
Oils. 


Bookbinding. 

Bronzes  and  Bronzing. 

Candles. 

Cement. 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping  Acids. 

Drawing  Office  Details. 

Drying  Oils. 

Dynamite. 

Electro  •  Metallurgy  — 

(Cleaning,      Dipping, 

Scratch-brushing,  Bat- 
teries,     Baths,      and 

Deposits      of      every 

description). 
Enamels. 
Engraving     on    Wood, 

Copper,  Gold,  Silver, 

Steel,  and  Stone. 
Etching  and  Aqua  Tint. 
Firework     Making    — 

(Rockets,  Stars,  Rains, 

Gerbes,    Jets,     Tour- 
billons,  Candles,  Fires, 

Lances,Lights,  Wheels, 

Fire-balloons,   and 

minor  Fireworks). 
Fluxes. 
Foundry  Mixtures. 

Besides  Receipts  relating  to  the  lesser  Technological  matters  and  processes, 
such  as  the  manufacture  and  use  of  Stencil  Plates,  Blacking,  Crayons,  Paste, 
Putty,  Wax,  Size,  Alloys,  Catgut,  Tunbridge  Ware,  Picture  Frame  and 
Architectural  Mouldings,  Compos,  Cameos,  and  others  too  numerous  to 
mention. 


Paper. 

^aper  Hanging. 

Painting  in  Oils,  in  Water 
Colours,  as  well  as 
Fresco,  House,  Trans- 
parency, Sign,  and 
Carnage  Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery— (Clays,  Bodies, 
Glazes,  Colours,  Oils, 
Stains,  Fluxes,  Ena- 
mels, and  Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy. 

Tempering  Metals. 

Treating  Horn,  Molher- 
o*-Pearl,  and  like  sub- 
stances. 

Varnishes,  Manufacture 
and  Use  of. 

Veneering. 

Washing. 

Waterproofing. 

Welding. 


London :  B.  &  F.  N.  SPON,  126,  Strand. 

New  York :  12,  Cortlandt  Street. 


Crown  8vo,  cloth,  485  pages,  with  iUustrations,  5/. 

WORKSHOP  RECEIPTS, 

SECOND  SERIES. 

By    ROBERT    HALDANE. 


Synopsis  of  Contents. 


Addimetry  and  Alkali- 
metry. 
Albumen. 
Alcohol. 
Alkaloids. 
Baking-powders. 
Bitters. 
Bleaching. 
Boiler  Incrustations. 
Cements  and  Lutes. 
Cleansing, 
Confectionery. 
Copying. 


Disinfectants. 

Dyeing,    Staining,    and 

Colouring. 
Essences. 
Extracts. 
Fireproofing. 
Gelatine,  Glue,  and  Size. 
Glycerine. 
Gut. 

Hydrogen  peroxide. 
Ink. 
Iodine. 
Iodoform. 


Isinglass. 

Ivory  substitutes. 

Leather. 

Luminous  bodies. 

Magnesia. 

Matches. 

Paper. 

Parchment. 

Perchloric  acid. 

Potassium  oxalate. 

Preserving. 


Pigments,  Paint,  and  Painting :  embracing  the  preparation  of 
FigmentSt  including  alumina  lakes,  blacks  (animal,  bone,  Frankfort,  ivory, 
lamp,  sight,  soot),  blues  (antimony,  Antwerp,  cobalt,  cscmleum,  Egyptian, 
manganate,  Paris,  Peligot,  Prussian,  smalt,  ultramarine),  browns  (bistre, 
hinan,  sepia,  sienna,  umber,  Vandyke),  greens  (baryta,  Brighton,  Brunswick, 
chrome,  cobalt,  Douglas,  emerald,  manganese,  mitis,  mountain,  Prussian, 
sap,  Scheele's,  Schweinfurth,  titanium,  venligris,  zinc),  reds  (Brazilwood  lake, 
carminated  lake,  carmine,  Cassius  purple,  cobalt  pink,  cochineal  lake,  colco- 
thar,  Indian  red,  madder  lake,  red  chalk,  red  lead,  vermilion),  whites  (alum, 
baryta,  Chinese,  lead  sulphate,  white  lead — by  American,  Dutch,  French, 
German,  Kremnitz,  and  Pattinson  processes,  precautions  in  making,  and 
composition  of  commercial  samples — whiting,  Wilkinson's  white,  zinc  white), 
yellows  (chrome,  gamboge,  Naples,  orpiment,  realgar,  yellow  lakes) ;  Pahti 
(vehicles,  testing  oils,  driers,  grinding,  storing,  applying,  priming,  drying, 
filling,  coats,  brushes,  surface,  water-colours»  removmg  smell,  discoloration ; 
miscellaneous  paints — cement  paint  for  carton-pierre,  copper  paint,  gold  paint, 
iron  paint,  lime  paints,  silicated  paints,  steatite  paint,  transparent  paints, 
tungsten  paints,  window  paint,  zinc  paints) ;  Painting  (genenl  instructions, 
proportions  of  ingredients,  measuring  paint  work  ;  carriage  painting — priming 
paint,  best  putty,  finishing  colour,  cause  of  cracking,  mixing  the  paints,  oils, 
driers,  and  colours,  varnishing,  importance  of  washing  vehicles,  re-varnishing, 
how  to  dry  paint ;  woodwork  painting). 


London :  E.  &  F.  N.  SPON,  126,  Strand. 

New  York :  12,  Cortlandt  Street. 


Crown  8vo,  cloth,  480  pages,  with  183  illustrations,  51. 


WORKSHOP  RECEIPTS. 

THIRD  SERIES. 


By  C.  G.  WARNFORD  LOCK. 


TTnifona  with  the  First  and  Second  Series. 


Synopsis  of  Contents. 


Alloys. 

Indium. 

Rubidium, 

Aluminium. 

Iridium. 

Ruthenium. 

Antimony. 

Iron  and  Steel. 

Selenium. 

Barium. 

Lacquersand  lacquering. 

Silver. 

Beryllium. 

Lanthanum. 

Slag. 

Bismuth. 

Lead. 

Sodium. 

Cadmium. 

Lithium. 

Strontium. 

Csesiunu 

Lubricants. 

Tantalum. 

Calcium. 

Magnesium. 

Terbium. 

Cerium. 

Manganese. 

Thallium. 

Chrominm. 

Mercury. 

Thorium. 

Cobalt 

Mica. 

Tin. 

Copper. 

Molybdenum. 

Titanium. 

Didymium. 

NidceL 

Tungsten. 

Electrics. 

Niobium. 

Uranium. 

Enamels  and  Glazes. 

Osmium. 

Vanadium. 

Erbium. 

Palladium. 

Yttrium. 

Gallium. 

Platinum. 

Zinc. 

Glass. 

Potassium. 

Zirconium. 

Gold. 

Rhodium.                          , 

London :  B.  &  F.  N.  SPON,  126,  Strand. 
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